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The  question  of  the  forms  (composition)  of  chemical  compounds  is  related  to  a  number  of  die  most 
Imponant  problems  of  general  chemistry.  As  a  result  of  the  broadening  scope  of  experimental  methods  of 
Investigation  and  die  continuous  perfection  of  such  methods,  particularly  of  the  X-ray  method,  the  presence 
of  series  of  discrete  "mixed**  compounds  has  been  indicated  in  recent  years  in  a  vv'hole  group  of  binary  systems 
(by  "mixed"  compounds  we  mean  those  whose  composition  does  not  correspond  to  any  one  whole-number  value 
for  the  valence  of  the  metal  and  whose  lattice  apparently  contains  atoms  of  the  metal  in  various  valence  states). 
Among  such  systems  we  may  point  out  the  system  V  — O,  in  the  course  of  an  X-ray  investigation  of  which 
Anderson  [1]  concluded  that  in  the  range  of  compositions  VO^^  -  VO2  the  following  discrete  "mixed"  compounds 
existed:  VOj  jt,  VOj  tj,  VOj  gg  ,  VOj  j4,  VOj  8g,and  VOj  g^.  These  results  were  confirmed  by  Burdese  [2]. 
Aebi  [3],  who  investigated  by  the  X-ray  method  die  region  V02^o  "  V02^5,  establLlied  the  existence  of  the  com¬ 
pound  V02_i7.  An  earlier  X-ray  and  magnetochemical  investigation  of  the  oxides  of  vanadium  [4]  and  an  in¬ 
vestigation  of  their  electrical  conductivity  [5]  led  to  die  conclusion  that  in  the  region  VO^^  -  VO 2,5  the  following 
phases  exist:  a  y -phase  widi  the  upper  boundary  of  its  area  of  homogeneity  at  the  composition  VOj^  5,  a  6- 
phase  VOj  87  -  VOj  79,  an  a-phase  VOi^Ti  -  V02^(,(),  and  an  a*-phase  VO-^oo  -  VO2  23*  A.  Gurevich  and 
B.  F.  Ormont  [6]  concluded  that  for  VO  15  an  area  of  homogeneity  exists  that  extends  in  the  direction  of  a  higher 
oxygen  content  (these  authors  supposedly  showed  an  upper  limit  corresponding  to  the  composition  VO  1^79). 

Taking  into  consideration  the  fact  that  the  information  on  the  composition  of  the  "mixed®  compounds  In 
the  system  V  —  O  had  mainly  been  obtained  only  on  the  basis  of  X-ray  data  and  that  there  v^ere  several  con¬ 
tradictions  in  the  data  of  the  various  authors,  and  in  view  of  the  importance  of  the  question  of  the  forms  of  the 
discrete  mixed  compounds,  we  undertook  a  study  of  electrical  conductivity  in  the  system  VOj^S  -  VO2.0  in  order 
to  be  able  to  judge  on  the  basis  of  another  metliod  of  investigation.  Furthermore,  it  v/as  of  considerable  Interest 
to  ascertain  the  type  of  relationship  of  different  properties  (including  electrical  conductivity)  to  the  composition 
in  systems  with  many  discrete  compounds  of  closely  similar  composition.  The  oxides  of  vanadium  were  prepared 
from  especially  pure  "two- five"  oxide  of  vanadium  [V20^  containing,  according  to  its  specual  analysis,  only 
thousandths  of  a  percent  of  impurities. 

Part  of  the  VgO^j  was  carefully  reduced  with  purified  electrolytic  hydrogen  at  gradually  increasing  tem¬ 
perature  (up  to  900")  to  V2O3.  The  composition  of  the  reduction  product  corresponded  to  the  formula  VOj  5^5, 
Preparations  of  tlte  composition  VOj  5J5  -  VOg  were  obtained  by  heating  mixtures  of  V2O3  and  ViO^  of  the 
appropriate  composition  in  vacuo.  The  carefully  ground  mixture  was  heated  first  at  700*  (for  10  hours)  and 
tlien  at  900*  (for  20  houK).  After  this  the  preparations  were  again  ground  and  pressed  under  a  pressure  of  about 
10,000  kg/cm*  into  tablets,  which  were  heated  in  a  high- vacuum  high-frequency  furnace  at  1600*  for  1.5 
hours. 
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The  electrical  conductivity  was  measured  with  a  potentiometer  In  high  vacuum  In  the  range  20  -  60  0* 
at  10*  intervals).  The  deulls  of  the  method  of  measurement  have  been  described  by  us  previously  [7J. 


-1  -u 
cm  ) 


The  composition  of  the  preparations  was  established 

^ohm  "1)  determining  the  increase  in  weight  upon  oxidation  to 

which  was  accomplished  by  heating  to  constant  weight 
gQQ°  /^\  at  600-700*. 

iOO  -\  'X  /  \  /\  I  \  reproducibility  of  the  measurements  was  satis- 

\  /  \  /  t/  \  factory,  as  can  be  seen  from  Table  1. 

200  /  The  relation  of  the  electrical  conductivity  to  the 

Vv  /  composition  at  20,  300,  and  600*  is  shown  in  Fig.  1.  The 

_ A.  J,  _ special  points  on  tlie  o-composition  curves  at  these  tem- 

600^  peratures  correspond  to  the  compositions  VOj  57,  VOi  gQ, 

OOO"'  J\  and  in  addition  lie  in  the  region  VO  j  50 - 

/  \  /\  A  which  does  not  contradict  tile  data  of  Anderson  on 

^00 '  ?  \  !  \\\  existence  of  discrete  compounds  of  tlie  composition 

j  \/  ”  \  VOjjo,  and  VOjg^. 

200  \  7  V  \  The  relationship  of  electrical  conductivity  to  tem- 

\  ''A  /  perature  for  oxides  of  different  composition  is  given  in 

_ _ _i _ I _ Fig.  2.  It  is  clear  from  tills  figure  that  for  the  oxides  of 

the  compositions  VO^  jg,  VOj  gs,  VO^  gg,  and 

8  VOi^7i  there  is  a  rapid  increase  in  electrical  conductivity 

^  20'"  /I  at  approximately  160*.  With  tlie  composition  VOj  jjis  this 

''\  /I  jump  does  not  occur.  The  electrical  conductivity  for  the 

600  \  \  /I  compositions  VOi  5J5  -  is  included  within  tiie  range 

J(00  \  \  J  \  ^  values  in  which  the  conductivities  for  the  mechanical 

£Q0 -\  ^  /  \/  \  mixtures  VO  j  gj^5  and  VO^^g^  may  be  found.  The  fact  that 

Q  .  c  A  ”  I  Wl  j  rapid  cliange  in  electrical  conductivity  takes  place  for 

16  16  U  1.8  1.9  2.0  all  the  oxides  mentioned  above  at  die  same  temperature 

,  ,ri  ,  1  ,  Indicates  that  tlie  region  VO  1  5,5  -  V0 1  67  contained  two 

Fig.  1.  Relation  of  specific  electrical  con-  ,  ,  ,  ^  „  ,  .  ,  . 

,  ,,  r,.  r  phases  and  tlie  conversion  at  approximately  160  which  is 

ductlvlty  of  oxides  of  vanadium  (a)  to  their  .  .  ,  ,  ,  . 

,  ,  , .  ,  ,  ,  ,  .  ,  ,  expressed  in  the  rapid  increase  in  conductivity  should  be 

composition  (tlie  region  in  which  values  of  ^ 

o  for  mixtures  VO„,  and  VOj  „  should  VOi.e,.  Actually,  It  is  difficult 

lie  Is  bounded  by  btiken  lines  [9J).  “  “"S' 

to  a  region  of  homogeneity,  i.e.,  to  some  solid  solution,  the 

conversion  temperature  would  not  be  shifted  with  a  change  in  composition.  A  preliminary  thermodynamic  in¬ 
vestigation  of  the  equilibrium  of  the  oxides  of  vanadium  with  CO^/CO  mixtures,  which  we  carried  out  with  Yu. 
G.  Popov,  also  showed  that  the  range  VOj^  -  VO^^g7  corresponds  to  a  two- phase  region  in  the  system  V“0, 


Fig.  1.  Relation  of  specific  electrical  con¬ 
ductivity  of  oxides  of  vanadium  (a)  to  their 
composition  (die  region  in  which  values  of 
o  for  mixtures  VOj^o  and  VOj.gj  should 
lie  is  bounded  by  broken  lines  [9J). 


TABLE  1 

ComposlUon  (in  ohms-*  cm-‘) 

of  oxide 

tablet  1  tablet  2 


yoi.80 

VO2.0 

VOi.g5 


312 

34 

0.1058 


325 

29 

0.0552 
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On  fhe  o-coniposltloii  curves  there  is  no  special  point  at  tlie  composition  but  the  conversion  at 

160*  Is  absent  in  tlie  oxide  of  this  composition,  which  indicates  that  it  is  not  a  mixture  of  and  an  oxide 

of  iiigher  oxygen  content.  The  fact  that  tlie  form  of  tlie  relationship  between  electrical  conductivity  and  tem¬ 
perature  for  the  composition  VOj  7,  differs  distinctly  from  tliat  for  the  composition  (Fig.  2)  confirms 

tlie  statement  by  Anderson  that  a  compound  of  tills  composition  exists.  If  it  has  a  region  of  homogeneity,  this 
is  rather  smalL 


W 


Fig.  2.  Relationship  of  specific  electrical  conductivity  of  oxides 
of  vanadium  to  temperature. 


For  the  composition  range  VOi  gs  *  ^©2,00  there  is  a  characteristic  conversion  at  80*  which  appears  as  a 
sharp  increase  in  electrical  conductivity.  The  constancy  of  the  temperature  of  conversion  with  a  change  in  com¬ 
position  in  this  range  indicates  that  at  room  temperature  the  region  VOL,gg  -  contains  two  phases.  How¬ 
ever,  there  is  a  maximum  in  the  o-composition  curve  at  20*  for  the  composition  and  at  higher  tem¬ 
peratures  special  points  appear  for  the  compositions  V02^g2  It  is  possible  that  their  appearance  can 

be  explained  by  the  fact  that  the  preparations  of  the  compositions  VO^^I  -  VOj,q  were  obtained  on  sintering  in 
rather  porous  form,  which  made  tlie  measurements  much  less  accurate.  It  is  also  possible  that  the  rise  in  temperature 
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Is  caused  by  the  complication  of  tlie  phase  relationships  in  this  region  of  the  system  V  — O.  It  is  appropriate  in 
this  connection  to  note  tliat  Anderson  [1]  observed  lines  in  die  X-ray  diagrams  of  preparations  of  die  composition 
VOj  (8  -  VO 2  00  do  not  belong  to  VOj  gy  and  VO 2.00  indicate  the  existence  of  some  phases  in  diis 
composition  range. 

The  data  that  we  obtained  on  the  electrical  conductivity  of  the  oxides  of  vanadium  agree  with  the  data  of 
Anderson  [1]  with  respect  to  the  existence  of  the  compound  VOj  341  ^  minimum  in  the  a-composition  curve 
corresponds  to  dils  composition,  and  furthermore  the  transition  from  VOj  to  VO^  gj  is  marked  by  a  distinct 
change  in  the  form  of  die  relationship  between  electrical  conductivity  and  temperature. 

It  is  of  essential  importance  diat  the  rapid  increase  in  electrical  conductivity  at  80",  which  is  still  easily 
noticeable  for  die  composition  VOj^gg  (Fig.  2),  is  absent  in  the  oxide  VOi^bjJ  thus,  it  is  indicated  that  at  low 
temperatures  it  is  not  a  mixture  of  VO2  00  some  other  oxide  that  corresponds  to  this  composition.  In  other 
words,  our  data  show  that  in  the  range  VOj  34  -  VOi^38  diere  is  some  compound,  or  perhaps  the  two  compounds 
indicated  by  Anderson  [1]. 

However,  it  is  difficult  to  establish  their  composition  from  electrical  conductivity  data,  since  the  latter 
property  (especially  for  objects  that  are  not  monocrystalline)  cannot  be  measured  accurately  enough.  An 
increase  in  die  number  of  compositions  studied  in  the  region  VO  1^34  -  V0 1^35  could  scarcely  help  in  the  estab¬ 
lishment  of  die  phase  relationships  within  it. 

Out  data  on  the  electrical  conductivity  of  the  oxide  of  vanadium  are  in  satisfactory  agreement  with  the 
results  of  the  investigations  of  Klemm  and  Pirscher  [5]  (these  authors  made  measurements  only  at  room  tem¬ 
perature):  the  form  of  die  relationship  of  the  electrical  conductivity  to  the  composition  obtained  by  us  differs 
from  that  given  by  Klemm  and  Pirscher  in  having  a  special  point  at  the  composition  VO1.84.  The  absolute  value 
of  the  electrical  conductivity  of  VOg^oo  room  temperature  obtained  by  us  is  substantially  higher  than  that  found 
by  Rudorff,  Walter,  and  Sudtler  [8],  which  is  explained,  apparently,  by  the  fact  that  these  authors  used  prepara¬ 
tions  pressed  in  the  cold  instead  of  heated. 

We  have  establislied  previously  that  the  electrical  conductivity  of  titanous  oxide,  TiOj  33  "  TiOj  2o»  ^oes 
not  differ  to  any  practical  extent  from  that  of  a  mixture  of  TiOi,33  and  TiO^  53  [7].  It  is  pertinent  in  this 
connection  to  note  that  the  electrical  conductivity  of  discrete  “mixed"  compounds  in  the  range  VO|^5  -  VO 2,0 
differs  from  that  of  a  mixture  of  these  oxides,  although  in  the  lattices  of  the  discrete  "mixed"  compounds  there 
are  vanadium  atoms  in  two  different  valent  states.  It  is  apparent  that  the  equality  of  the  electrical  conductivity 
established  in  the  case  of  titanous  oxide  for  substances  lying  witliin  the  limits  of  tlie  region  of  homogeneity  and 
of  the  electrical  conductivity  of  the  corresponding  mixture  is  not  the  result  of  the  existence  of  Ti^^  and  Ti^^^ 
in  its  lattice  (i.e.,  atoms  of  titanium  in  the  same  valent  states  as  figure  in  TiO  and  Ti203),  but  is  explained  by 
special  structural  peculiarities  of  the  oxides  of  variable  composition. 


SUMMARY 

The  existence  of  the  "mixed"  compounds  VOj^gj,  VOj  VO^^sq  and  VO|^34  has  been  confirmed  by 
investigation  of  the  electrical  conductivity  of  the  oxides  of  vanadium,  and  data  also  have  been  obtained  on  the 
existence  of  compounds  in  tlie  range  VOj^gj  -  VOj  33.  The  composition  of  tliese  compounds  requires  further, 
more  accurate  definition. 
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Ternary  liquid  systems  having  two  binary  stratifications  with  upper  critical  temperatures  of  solution  yield 
several  types  of  structural  diagrams  differing  in  principle. 

Tlie  difference  in  the  geometrical  form  of  the  region  of  stratification,  as  has  been  shown  by  R.  V.  Mertslin 
[1],  V.  F.  Ust’-Kachklntsev  [2],  E.  F.  Zhuravlev  [3],  and  K.  I.  Mochalov  [4],  and  also  recently  by  I.  L.  Krupatkln 
[5],  is  Inseparably  connected  with  the  physicochemical  reaction  of  the  components  of  tlie  third  binary  homogeneous 
system  tliat  forms  a  constituent  part  of  the  ternary  system.  As  proposed  by  R,  V.  Mertslin  [6],  such  a  binary  system 
is  called  the  prevailing  system.  The  highly  developed  chemical  reaction  of  the  components  of  the  prevailing 
system,  which  is  characterized  by  the  existence  in  it  of  thermally  undissociated  compounds  in  the  liquid  phase, 
results  in  the  formation  in  the  region  of  stratification  of  a  ternary  system  of  elements  of  singularity  in  the  form 
of  anticlinal  or  synclinal  folds. 

Investigation  of  the  prevailing  system  and  application  of  the  general  principles  of  physicochemical  analysis 
permitted  the  above-  mentioned  authors  to  realize  in  a  comparatively  short  time  almost  all  of  the  theoretically 
conceivable  types  of  structural  diagrams  of  ternary  liquid  systems,  even  such  as  could  not  be  predicted  by  the 
purely  geometrical  concept  of  Schrelnemachers. 

In  contrast  with  this,  ternary  systems  having  within  the  boundary  contour  binary  systems  with  lower  critical 
temperatures  of  solution  have  been  only  slightly  studied  tlie oreti cal ly  and  experimentally.  Beginning  with  the 
work  of  Schrelnemachers  and  up  to  the  present  time,  there  has  existed  in  tlie  theory  of  heterogeneous  equilibria 
the  general  opinion  tliat  the  geometrical  forms  of  the  surface  of  the  two- phase  liquid  state  are  identical  for 
systems  with  upper  and  lower  critical  temperatures  of  solution}  they  differ  only  in  their  order  of  temperature. 

This  point  of  view  was  developed  in  the  work  of  V.  F.  Ust*-Kachklntsev  [2],  who  added  a  study  of  singular 
diagrams  to  tlie  theory  of  ternary  stratifying  systems. 

In  the  present  investigation,  we  set  up  for  ourselves  the  goal  of  deducing  the  possible  types  of  structural 
diagrams  for  ternary  liquid  systems  having  within  the  boundary  contour  two  stratifying  binary  systems  with  lower 
critical  temperatures  of  solution  or  with  a  closed  region  of  stratification. 

Let  us  Imagine  a  ternary  system  A  — B  —  C  consisting  of  two  limited  systems  A  — C  and  B  — C  with  a 
discontinuity  in  the  solubility  of  the  liquid  phases  and  a  tlilrd  system  A  — B  which  is  homogeneous.  The  com¬ 
ponents  of  the  homogeneous  system  may  be  cliaracterized  by  various  physicochemical  relationships.  These  re¬ 
lationships  may  be  normal  or  may  lead  to  disruption  of  the  molecules  of  the  components  or  to  their  chemical 
reaction.  In  their  turn,  the  chemical  compounds  formed  by  reaction  of  the  components  may  be  thermally 
dissociated  or  undissociated  in  the  liquid  pliase.  The  interrelations  of  the  components  of  the  homogeneous  system 
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will  certainly  exert  a  certain  influence  on  tlie  character  of  the  mutual  solubility  of  the  liquid  phases  and,  con¬ 
sequently,  on  the  geometrical  form  of  the  region  of  stratification  of  the  ternary  system.  However,  we  must  also 
take  into  consideration  tlie  physicochemical  relation  of  the  components  of  tlie  limited  stratifying  systems.  Inas¬ 
much  as  we  are  considering  systems  wltli  lower  critical  temperatures  of  solution,* 

In  this  communication  we  shall  consider  only  those  ternary 
systems  In  which  the  limited  homogeneous  system  A  — B  is 
characterized  by  normal  relationships  of  the  components. 

Wltli  such  limitations.  In  the  given  ternary  system  A  — B— C 
(Fig.  l)  the  qualitative  differences  In  the  possible  structural  diagrams 
are  determined  by  the  position  of  the  equilibrium  of  the  three  re¬ 
versible  chemical  processes;  A  +  C  :^AC,  B  C  :^BC,  and  AC  + 

+  B  BC  +  A, 

The  first  two  equations  express  the  chemical  reaction  of  the 
components  of  the  limited  stratifying  systems.  Both  processes,  with 
an  Increase  in  temperature,  shift  In  the  reverse  direction,  which  In 
the  final  result  leads  to  stratification  of  the  systems  A  — C  and  B— C. 
The  third  equation  corresponds  to  the  reaction  of  mutual  displace¬ 
ment.  Actually,  in  any  ternary  system  where  two  components  (A 
and  B)  form  chemical  compounds  (AC  and  BC)  with  the  third  one 
(C),  the  reaction  indicated  above  must  occur.  The  geometrical 
representation  of  the  reaction  of  mutual  displacement  is  the 
trapezium  (A  — AC— BC  — B)  with  its  two  diagonals  Intersecting  in  some  point.  Each  of  the  diagonals  may  be 
stable  under  certain  conditions. 

If  the  labile  equilibrium  is  shifted  appreciably  In  a  straight  line,  then  the  line  A  — BC  becomes  the  stable 
diagonal.  It  bears  on  the  limited  system  B  — C,  which  obviously  will  play  the  prevailing  role  in  relation, to  the 
two  other  limited  systems  (A  — C  and  A  — B).  On  the  other  hand,  when  the  equilibrium  is  strongly  shifted  in 
the  reverse  direction,  then  tlie  line  B  — AC  will  be  the  stable  diagonal.  It  bears  on  the  side  A  — C,  which  takes 
on  the  same  physical  significance  as  did  the  side  B  — C  of  the  triangle  in  the  previous  case.  A  judgment  as  to 
the  stable  diagonal,  and  consequently  as  to  the  prevailing  binary  system,  can  be  obtained  by  comparison  of  the 
temperatures  at  which  the  critical  points  of  the  stratifying  limited  systems  lie.  The  more  these  temperatures 
differ,  the  more  distinctly  will  the  prevailing  effect  of  the  limited  system  In  which  the  temperature  is  higher 
be  expressed.  In  tlie  case  where  the  equilibrium  of  the  reaction  of  exchange  displacement  is  not  shifted  appreciably 
In  either  direction,  there  are  grounds  for  equal  stability  of  the  diagonals,  and  also  for  the  simultaneous  existence 
of  two  prevailing  limited  systems.  The  two  limited  systems  A  — C  and  B  — C  have  equal  claims  on  each  other. 

This  exceptional  phenomenon  can  occur  only  in  ternary  systems  in  which  the  lower  critical  points  of  the  limited 
systems  with  stratification  lie  at  the  same  or  very  close  temperatures. 

We  have  directed  attention  above  to  the  fact  that  the  first  two  equations  describe  reversible  chemical 
processes.  Under  conditions  where  they  are  completely  shifted  in  the  reverse  direction,  the  physical  meaning 
of  the  third  equation  is  lost.  In  the  ternary  system,  a  reciprocal  displacement  cannot  exist.  The  stratifying 
binary  system*,  lose  their  prevailing  significance.  The  homogeneous  system  A  — B  ukes  on  this  role. 

In  accordance  with  what  has  been  said  above,  we  should  expect  three  different  principal  types  of  structural 
diagrams  for  ternary  systems. 

Type  la.  In  the  ternary’  system  A  — B  — C  let  the  critical  temperature  of  stratification  in  the  limited 
system  A  — C  be  higher  tnan  in  the  system  B  — C.  Under  such  conditions,  stratification  arises  in  the  ternary 
system  at  the  critical  point  of  the  limited  system  B  — C,  in  which  die  necessary  temperature  conditions  are  first 
set  up  for  an  appreciable  shift  of  the  mobile  equilibrium  BC  -*  B  +  C.  A  rise  In  temperature  will  favor  a  further 
shift  of  this  equilibrium  and  consequently,  the  development  of  a  two- phase  liquid  region  within  the  composition 


Fig.  1,  Geon.errlcal  representation 
of  the  reactic:  oi  exchange  displace¬ 
ment  in  tema.’y  systems. 


*  It  Is  considered  to  be  generally  acknowledged  that  binary  systems  with  a  closed  region  of  stratification,  and 
also  the  particular  case  of  systems  with  a  lower  critical  temperature  of  solution,  are  the  result  of  chemical  reaction 
of  the  components. 
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triangle  of  the  system.  Since  In  the  temperature  range  between  the  critical  points  of  the  stratifying  systems  the 
systems  A  — C  and  A  — B  are  homogeneous,  the  isotherms  of  the  region  of  stratification  witli  tlieir  binodals  will 
bear  on  the  limited  system  B  — C  and  will  converge  in  the  ternary  critical  points.  The  prevailing  one  of  tlie  two 
homogeneous  systems  under  the  given  conditions  will  be  the  system  A  — C,  since  tlie  existence  in  it  of  a  lower 
critical  temperature  of  solution  is  the  result  of  chemical  reaction  of  the  components.  The  nodes  of  the  Isotherms 
of  the  region  of  suatlficatlon,  especially  for  low  temperatures,  should  be  appreciably  displaced  in  the  direction 
of  this  system. 

A  furtlier  elevation  of  the  temperature  leads  to  a  widening  of  the  discontinuity  in  solubility,  caused  not 
only  by  a  decrease  In  mutual  solubility  in  the  system  B~C,  but  also  by  the  appearance  of  conditions  for  stratifica¬ 
tion  In  tlie  system  A  — C.  The  blnodal  curve,  shifting  in  tlie  direction  of  A— C,  coincides  in  its  ternary  critical 
point  with  the  critical  point  of  the  region  of  stratification  of  this  binary  system.  At  temperatures  higher  tlian  the 
critical  temperature  of  solution  in  tlie  system  A  — C  the  isotherms  of  the  region  of  stratification  will  consist  of 
two  Independent  lines  connecting  saturated  solutions  of  limited  stratification.  At  the  same  time,  the  prevailing 
effect  of  tlie  system  A  — C  on  the  region  of  stratification  is  diminished.  Gradually,  tlie  homogeneous  system 
A  — B  ukes  over  this  role.  Gradually,  also  the  nodes  of  tlie  isotlierms  of  the  region  of  stratification  are  unfolded, 
and  at  temperatures  above  the  two  critical  points  they  diverge  as  a  fanlike  cluster  in  tlie  direction  of  the  homo¬ 
geneous  system  A  —  B. 

The  simultaneous  existence  of  two  prevailing  systems  and  the  continuous  transition  of  prevalence  from  one 
limited  system  to  the  otlier  with  a  change  in  the  temperature  factor  also  leads  to  a  continuous  change  in  the 
Isotherms  of  tlie  region  of  stratification  and  the  lines  of  tlie  ternary  critical  points.  The  general  appearance  of 
the  structural  diagram  of  such  a  system  is  shown  in  Fig.  2a. 


Fig.  2.  Possible  types  of  structural  diagrams  of  ternary  liquid  systems  having  two  limited 
systems  with  lower  critical  temperatures  of  solution  and  a  third  limited  system  with 
normal  relationships  of  the  components. 


Type  lb.  Let  the  Icwer  critical  points  of  discontinuity  of  solubility  in  the  limited  stratifying  systems 
A  — C  and  B  — C  correspond  to  one  temperature  or  to  very  close  temperatures.  This  indicates  that  the  chemical 
compounds  existing  in  tlie  given  systems  are  approximately  equal  in  thermal  stability.  The  discontinuity  in 
solubility  arises  on  the  side  boundaries  in  the  form  of  two  independent  regions  tliat  quickly  expand  with  a  rise 
in  temperature.  The  isotherms  of  tlie  separate  regions  of  stratification,  moving  toward  each  otlier,  join  in  their 
ternary  critical  points  and  give  a  single  region  with  two  lines  of  saturated  solutions.  Repeating  tlie  general  form 
of  the  separate  isotlierms,  tiie  binodal  curves  for  temperatures  above  their  point  of  union  will  be  characterized 
by  a  mutually  directed  concavity.  The  latter  should  gradually  disappear  with  a  furilicr  increase  in  temperature. 
Such  a  type  of  structural  diagram  for  a  liquid  ternary  system  is  shown  in  Fig.  2b. 
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The  geometric  picture  of  the  region  of  stratification  indicated  above  is  a  necessary  result  of  the  presence 
of  tiiree  prevailing  limited  svstems  and  tlielr  competition  as  the  temperature  changes.  At  tiie  temperatures  of 
the  critical  points  of  hinars'  sirailficatlon,  and  somewhat  higher,  the  prevailing  systems  are  those  witli  a  dis¬ 
continuity  in  solubility.  Tacli  of  tliem  exerts  a  liornogenlzing  effect  on  the  opposed  stratification.  The  nodes 
of  the  separate  regions  of  stratification  are  directed  toward  tliesc  mutually  homogenizing  systems.  With  a  rise 
in  temperature,  die  discontinuity  in  solubility  of  the  liquid  phases  in  the  systems  A“C  and  B  — C  increases, 
and  these  systems  lose  tlieir  prevailing  role,  giving  it  over  to  the  homogeneous  system  A  — B.  The  nodes  of  the 
region  of  stratification  begin  to  diverge  in  its  direction.  The  continuous  shift  in  the  prevailing  effect  leads  to 
different  qualitative  phenomena.  Instead  of  two  separate  regions  of  stratification,  a  single  one  arises,  wlilch, 
however,  preserves  tlie  elements  of  the  former. 

Type  Ic.  Let  one  of  tlie  limited  systems,  for  example.  A  — C,  have  a  closed  region  of  stratification  with 
an  upper  critical  temperature  of  solution  less  than  tlie  lower  critical  temperature  in  the  second  stratifying 
system  B  — C.  In  this  case,  we  should  expect  the  existence  of  two  Independent  regions  of  stratification.  Actually, 
a  discontinuity  in  solubility  in  the  ternary  system  will  develop  from  the  lower  critical  point  of  the  system  A  — C, 
gradually  expanding  as  the  temperature  rises.  This  expansion  will  reach  its  maximum  limit  at  temperatures 
corresponding  to  the  greatest  diameter  of  the  conjugated  solutions  of  the  limited  system  A  — C.  Above  this  tem¬ 
perature,  the  conjugated  phases  will  draw  together.  At  tlie  same  time,  the  range  of  concentrations  of  the  ternary 
solutions  that  fall  in  the  region  of  two-phase  equilibrium  will  decrease.  The  region  of  stratification  will  cease 
to  exist  at  the  upper  critical  point  of  the  system  A  —  C  before  a  discontinuity  in  solubility  appears  in  the  limited 
system  B  — C.  The  system  B  — C  will  exert  the  prevailing  effect  on  the  region  of  stratification,  since  it  is 
homogeneous  under  these  temperature  conditions,  and  its  components  react  chemically.  The  nodes  of  the  region 
of  stratification  in  the  whole  temperature  range  of  its  existence  should  be  directed  toward  the  system  B~C. 

A  second  region  of  discontinuity  of  solubility  of  the  liquid  phases  will  begin  to  develop  from  the  critical 
point  of  the  system  B  — C  at  temperatures  at  which  both  the  limited  system  A  — B  and  the  system  A  —  C  are 
homogeneous.  It  is  clear  that  one  of  the  two  homogeneous  systems  will  prevail  for  a  given  region  of  stratification. 
In  all  probability  the  binary  system  A  —  B  will  play  this  role.  The  structural  diagram  relating  to  the  type  dis¬ 
cussed  above  Is  shown  in  Fig.  2c. 

We  have  considered  the  most  favorable  conditions  for  the  existence  of  this  type  of  structural  diagram. 
However,  It  also  can  occur  In  case  the  critical  point  of  the  region  of  stratification  in  the  system  B  — C  is  located 
below  the  upper  critical  point  of  the  system  A  —  C,  but  does  not  go  beyond  the  boundaries  of  the  maximum 
diameter  connecting  the  conjugated  solutions  of  the  closed  region  of  stratification.  Sometimes,  even  here  we 
must  expect  a  discontinuity  in  the  single  line  of  the  lower  ternary  critical  points  and  their  closing  in  onto  the 
upper  critical  points  of  the  same  stratifying  limited  systems,  if  two  different  limited  systems  exert  a  prevailing 
effect  in  the  region  of  discontinuity  of  solubility  of  the  liquid  phases. 


SUMMARY 

The  possible  types  of  structural  diagrams  of  ternary  liquid  systems  containing  two  binary  stratifications 
with  lower  critical  temperatures  of  solution  have  been  Investigated. 

It  has  been  shown  theoretically  that,  in  the  absence  of  chemical  reaction  of  the  components  of  the  third 
homogeneous  limited  system,  three  types  of  structural  diagrams  should  exist.  The  difference  in  them  depends 
only  on  the  relative  position  of  the  temperatures  of  the  lower  critical  points  of  tlie  limited  systems  with  stratifica¬ 
tion. 
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In  the  first  communication  [1],  tlie  general  theory  of  three- component  liquid  systems  containing  two  binary 
stratifications  with  lower  critical  temperatures  of  solution  was  presented.  We  showed  that  the  geometrical  form 
of  the  structural  diagrams  of  such  ternary  systems  depends  first  of  all  on  the  physicochemical  Interrelationship  of 
the  components  of  tire  third  limited  homogeneous  system.  In  the  absence  of  reaction  between  Its  components, 
three  types  of  structural  diagrams  would  be  expected.  The  difference  between  them  depends  only  on  the  tem¬ 
perature  position  of  the  critical  points  of  tire  limited  stratifying  systems. 

No  experimental  Information  existed  on  systems  with  the  type  of  relationship  between  the  components  that 
is  under  consideration,  except  for  a  single  report  by  I.  L.  Krupatkln  [2],  Therefore,  we  set  ourselves  the  task  of 
selecting  systems  for  which  the  different  structural  diagrams  resulting  from  the  theory  are  realized.  Specifically, 
we  Investigated  the  equilibria  of  the  liquid  phases  in  the  systems  triethylamlne  —  pyramidon—  water  and  dlantl- 
pyrlnomethyl-methylamine  —  pyramidon  —  water.  The  third  type  of  structural  diagram  had  been  found  in  a  study 
of  the  solubility  of  the  liquid  phases  in  the  system  pyramidon  —  diethylamlne  —  water  [2].  However,  I.  L.  Krupatkln, 
staning  from  false  premises,  had  presented  an  erroneous  treatment  of  tlie  observed  phenomena.  We  considered  it 
possible  to  use  the  experimental  observations  of  1.  L.  Krupatldn  in  out  work  but  to  give  a  different  physicochemical 
interpretation  of  them. 

EXPERIMENTAL 

In  our  investigation,  the  following  materials  were  used:  freshly  distilled  water;  pharmacopeia  grade  pyramidon, 
kept  for  some  time  over  anhydrous  calcium  chloride;  commercial  triethylamlne,  digested  over  solid  alkali  and 
distilled  over  tlie  temperature  range  89.2-89.6*;  diantipyrlnometliyl-methylamine  was  prepared  by  us  (we  em¬ 
ployed  the  method  described  by  S.  Mannlch  [3],  but  the  recrystallized  product  was  dried  at  120-125*j  it  melted 
at  150*). 

The  Investigation  of  the  solubility  of  the  liquid  phases  in  both  the  binary  and  the  ternary  systems  was  carried 
out  by  the  visual  polythermal  method  of  V.  F.  Alekseev  [4]. 

The  system  triethylamlne  -  pyramidon  —  water  is  composed  of  three  limited  binary  systems;  ulethylamlne — 
water,  pyramidon  —  water,  and  trietliylamine  —  pyramidon.  The  first  binary  system  has  been  the  subject  of  repeated 
investigations  [4-6J.  The  components  of  the  system  have  an  unlimited  mutual  solubility  below  18*.  Above  this 
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temperature  a  discontinuity  In  solubility  of  the  liquid  phases  occurs,  with  a  lower  critical  point.  The  system 
pyramidon-  water  was  first  investigated  with  respect  to  solubility  by  Charonnat  [7j.  According  to  his  data, 
the  system  has  a  closed  region  of  stratification  with  a  lower  critical  point  at  70*  and  an  upper  one  at  190*. 


t* 


Fig.  1.  Melting  diagram  of  the  Fig.  2.  Polythermal  cross  sections  of  the 

system  pyramidon  — trietliylamine.  ternary  system  triethy  la  mine  — pyramidon — 

water.  1)  20;  2)  40;  3)  60;  4)  80 
The  solubility  of  the  solid  phases  of  the  system  was  in-  wt.  of  pyramidon  in  binary  mixtures 

vestigated  by  S.  I.  Kaplan  and  F.  E.  Rabinovich  [8].  The  with  trie  thy  la  mine;  5)  polytlterm  of 

system  is  of  die  monotectic  type  with  a  strongly  developed  the  system  triethy  la  mine  —  water;  6) 

field  of  crystallization  of  pyramidon.  At  73*  the  mono-  poly  therm  of  the  system  pyramidon  — 

tectic  line  dissects  the  region  of  stratification,  throwing  water. 

Its  lower  portion  into  a  region  of  metastable  equilibrium. 

The  components  of  the  two  systems  enter  into  chemical  reaction  (odierwise,  it  is  difficult  to  explain  the  existence 
In  them  of  stratification  with  lower  critical  temperatures  of  solution).  The  liquid  products  of  hydrated  pyramidon 
have  a  greater  thermal  stability  than  those  of  triediyiamlne,  as  is  indicated,  it  seems  to  us,  by  die  temperature 
position  of  the  lower  critical  points  of  die  regions  of  stratification. 

TABLE  1 


Solubility  in  the  System  Pyramidon  —  Triethyiamine 


Pyramidon 

content 

(in  wu  °]o) 

Stratification 

temperature 

Pyramidon 

content 

(in  wt.^^o) 

Stratification 

temperature 

85.0 

95.7* 

24.2 

71.8* 

66.1 

87.1 

13.0 

63.5 

53.9 

82.8 

6.3 

48.4 

39.4 

78.0 

2.6 

28.6 

The  third  limited  system,  triethyiamine  —  pyramidon,  has  not  been  described  in  die  literature.  The  two 
substances  in  the  system  are  similar  in  their  chemical  functions.  We  expected  diat  diey  would  have  a  nearly 
normal  relationship.  To  verify  our  assumptions,  we  studied  die  solubility  in  the  system  pyramidon  —  triethyiamine. 
The  results  of  our  observations  are  given  in  Table  1.  They  also  are  depicted  in  Fig.  1.  As  can  be  seen,  the 
melting  diagram  of  diis  system  has  a  very  clearly  developed  field  of  crystallization  of  pyramidon.  its  solubility 
line  is  an  S- shaped  curve.  This  Indicates  not  only  a  weakening  of  the  reaction  of  die  components,  but  also  diat 
the  system  probably  is  close  to  stratification. 


Thus,  the  ternary  system  triethylamlne—  pyramldon—  water  that  we  selected  Is  characterized  by  a  limited 
contour  iliat  fully  satisfies  the  structural  diagram  of  type  1,  die  general  theory  for  which  has  been  given  In  our 

first  communication.  It  remained  only  to  subject  thU 
ternary  system  to  experimental  study. 


Fig.  3.  Solubility  isotherms  and  lines  of  conjugated 
solutions  of  the  30  *  isotherm  of  the  system  triethyl¬ 
amlne—  pyramldon—  water. 


To  establish  the  temperature  and  concentration 
boundaries  of  the  region  of  stratification  In  the  system, 
we  took  four  poly  thermal  cross  sections.  They  passed 
through  the  apex  of  the  composition  triangle  of  the 
system  corresponding  to  water  onto  tlie  trletliylamlne  — 
pyramldon  side.  For  each  section  die  pyramldon 
content  (in  wt.%)  in  the  binary  mixtures  with  triethyl¬ 
amlne  was  kept  constant. 

Besides  the  cross  sections,  we  studied  the  binary 
systems  trlediylamine  —  water  and  pyramldon  —  water 
with  regard  to  stratification.  Our  experlmenul  results 
were  In  full  agreement  with  the  data  of  the  authors 
who  had  studied  these  systems  previously.  All  of  the 
numerical  dau  of  the  investigation  ate  presented  In 
Tables  2-4  and  graphically  In  Fig.  2.  In  Fig,  3  the 
separate  Isotherms  of  the  region  of  stratification  of 
the  ternary  system  are  given.  They  were  constructed 
by  using  the  polythermal  cross  sections  and  the  method 
of  graphical  Interpretation. 


TABLE  2 


Stratification  In  the  System 
Triethylamlne—  Water 


Water  content 

(in  wt. 

Homogenization 

temperature 

3.4 

49.5° 

7.1 

24.3 

13.0 

21.0 

22.9 

19.8 

34.9 

19.5 

44.9 

18.8 

56.9 

18.4 

72.0 

18.0 

91.0 

19.0 

94.8 

32.5 

97.3 

57.5 

TABLE  3 


Stratification  In  the  System 
Pyramldon—  Water 


Water  con¬ 
tent  (In 
wt.  %) 

Homogenization 

temperature 

26.0 

84.5° 

28.7 

80.0 

32.6 

75.5 

39.1 

72.2 

49.8 

69.8 

60.6 

70.0 

69.6 

71.0 

77.5 

72.9 

82.2 

76.3 

85.4 

82.0 

86.8 

86.4 

The  lines  of  the  conjugated  solutions  were  determined  for  the  30*  Isotherm.*  They  were  found  by  the 
method  of  cross  sections  [9j.  For  this  purpose  three  solutions  of  the  binary  system  triethylamlne  —  water  were 
prepared,  containing  25,  50,  and  75  wt.  %  triethylamlne.  Pyramldon  was  added  to  a  weighed  sample  of  these 
homogeneous  mixtures.  The  ternary  mixtures  made  up  In  this  way  were  held  In  a  thermostat  at  30*  for  the 
establishment  of  equilibrium  between  the  liquid  phases.  Then  a  certain  amount  of  the  upper  layer  was  withdrawn 
and  Its  Index  of  refraction  was  measured  (Table  5,  Fig.  4).  With  the  aid  of  the  graph  In  Fig,  4,  the  composition 


*  Determined  by  M,  I.  Leonova. 


13 


of  the  conjugated  solutions  was  dctermlnedj  for  a  given  value  of  the  index  of  refraction,  the  corresponding 
pyramidon  content  was  determined  from  the  lines  1,  11,  and  III,  Transfer  of  the  values  found  according  to  the 
arrangement  of  the  cross  sections  to  the  plane  of  the  composition  triangle  of  the  system  gives  three  points,  and 
drawing  a  straight  line  through  them  until  it  intersects  with  the  binodal  curve  locates  the  conjugated  phases. 


TABLE  4 

Stratification  in  tlie  System  Triethylamlne  —  Pyramidon  — Water 


Water  content 
(in  wt.  °]o) 


Homogeniza¬ 
tion  tem¬ 
perature 


Section  1 


(20  wt.  ^0  pyramidon  in 
binary  mixtures) 


4.5 

8.6 

15.5 

24.4 
.33.2 

49.6 
65.3 

77.6 
84.2 
90.0 

93.5 


72.6° 

41.5 
.34.0 

29.8 
27.0 

24.9  * 

23.2 

21.5 

21.2 
24.0 
36.2 


Section  2 

(40  wt.  ^0  pyramidon  in 
binary  mixtures) 

7.4  76.0° 

11.5  52.5 

18.6  44.2 

30.0  37.8 

40.0  33.9 

55.0  30.6 

65.2  28.5 

75.2  26.7 

80.6  27.5 


Water  content 
(in  wt.  %) 


90.7 

95.5 


Homogenization 

temperature 


35.0° 

75.1 


Section  3 

(60  wt.  %  pyramidon  in 
binary  mixtures) 


13.4 
25.0 
39.9 

55.8 

66.4 
72.0 

78.9 
87.3 
90.0 


68.5° 

52.5 
47.4* 

41.6 
38.2 
37.0 
37.5 
46.1 
70.0 


Section  4 


(80  wt.  ^0  pyramidon  in 
binary  mixtures) 


20.0 

29.6 

42.1 

54.2 
66.0 
77.8 
86.0 


73.0° 

62.2 

57.5 
57.0* 

56.5 
59.0 
70.4 


Critical  phenomena. 


The  system  diantlpyrinomethyl-metliylamine—  pyramidon—  water.*  This  system  is  made  up  of  three 
binary  systems;  pyramidon  —  water,  dianiipyrinometiiyl-medtylamine  —  water,  and  pyramidon—  diantipyrino- 
methyl-methylamine.  The  first  binary  system  has  been  considered  above.  The  system  diantipyrinomethyl- 
metliylamlne  —  water  was  studied  by  us  with  respect  to  solubility  of  the  liquid  phases.  The  numerical  data  are 
given  in  Table  6  and  tire  Information  is  presented  graphically  in  Fig,  5.  The  data  obtained  show  that  tlie  system 
has  a  discontinuity  in  solubility  of  tire  liquid  phases  with  a  lower  critical  temperature  of  solution.  The  critical 
solution  corresponds  to  68*  and  contains  67  wt.  ''k  water.  The  region  of  stratification  from  tlie  critical  point  to 
101*  is  metastable.  At  101*  there  is  a  monoteciic  phase  reaction  in  the  system.  Confining  ourselves  to  the 
specific  problem,  we  did  not  attempt  to  follow  tlie  behavior  of  the  region  of  stratification  above  100*,  and  did 
not  study  the  solubility  of  the  solid  phases.  It  is  completely  probable  that  the  system  has  a  closed  region  of 
stratification. 


Experimental  study  of  the  system  was  participated  in  by  M.  I.  Kalmykov. 


TABLE  5 


Index  of  Refraction  of  Upper  Layer  of 
Heterogeneous  Region  of  tlie  System 
Trleihylainlne  —  Pyramldon  —  Water  at  30* 


d 

Z 

a 

o 

n 

o 

u 

(/3 

a  d  ^ 

O  4> 

•a  ^  c2 

2  d 
a.  o  c 

Section  No. 

o  y 

B°.  j 
2q  >< 

"c 

a.  u  c 

1 

0.0 

1.3980 

f 

5.0 

1.4053 

,  1 

5.0 

I.-IOSO 

lo.n 

1.4135 

* 

10.0 

1.4150 

1 

15.0 

1.4225 

1 

15.0 

1 .4246 

f 

5.0 

1.4047 

III 

10.0 

1.4120 

( 

15.0 

1.4200 

TABLE  6 


Stratification  In  tlie  System  Dlantlpyrlno- 
mctliyl-methylamine  —  Water 


Water  | 
content 
(In  wt. 

%) 

Temp.orji  Water 
honio-  content 
genlza-  (in  wt. 
tion  ^o) 

Temp,  of 
homo¬ 
geniza¬ 
tion 

41.5 

88.0° 

76.4 

68.2® 

48.1 

76.0 

82.1 

70.5 

55.5 

70.9 

86.3 

75.4 

62.5 

68.2 

90.0 

88.9 

70.1 

68.0* 

•  Critical  phenomena 


TABLE  7 


Stratification  in  the  System  Diantipyrinomethyl-methylamlne 
Pyramidon—  Water 


Water  content 

Temperature  | 

Water  content 

Temperature  of 

(in  wt.  ^o) 

of  homo-  I 

(in  wt.  %) 

lomogcnizatlon 

genization 

Section  1 

Section  3 

(25  wt.  *70  pyramidon 

(60  wt.  %  pyramldon 

in  binary  mixtures) 

in  binary  mixtures) 

ilA 

95.5® 

34  8 

88.0® 

41.8 

85.0 

39.4 

81.5 

45.8 

79.5 

46.7 

76.5 

50.5 

75.7 

54.1 

74.0 

57.1 

73.0 

63.0 

73.6* 

63.8 

72.1  • 

70.7 

74.4 

68.9 

71.9* 

76.9 

76.0 

74.3 

72.5 

81.2 

78.5 

78.6 

74.0 

85.1 

84.1 

83.3 

78.0 

87.8 

91.6 

87.4 

85.1 

Section  4 

Section  2 

(80  wt.  %  pyramidon 

(50  wt.  %  pyramldon 

In  binary  mixtures) 

in  binary  mixtures) 

29.3 

89.0° 

36.4 

44.8 

50.1 

59.5 

64.0 

69.2 

74.2 

81.9 

87.2 

89.5® 

78.7 

75.8 

74.1 

73.8  • 

73‘9 

74.5 

79.0 

88.0 

33.4 

40.7 

51.4 

60.1 

67.1 

72.5 

76.1 

79.0 

81.7 

84.8 

81.8 

75.5 

72.5* 

72.0* 

72.5 

73.6 

75.0 

77.1 

79.8 

84.6 

87.6 

92.0 

*  Critical  phenomena.. 
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The  third  limited  system  pyramldon—  dlantlpyrlnomethyl-methylamlne  had  not  been  Investigated  pre¬ 
viously.  We  did  not  study  It  either.  We  considered  tliat  this  was  not  necessary  because,  like  the  system 
pyramldon—  trlethylamlne,  the  relationship  of  these  amines  should  be  nearly  normal. 


The  two  stratifying  binary  systems  have  lower 
critical  temperatures  of  solution  that  are  almost  equal. 
With  a  normal  relationship  of  the  components  of  a 
homogeneous  binary  system,  this  should  lead  to  the 
second  variety  of  structural  diagram  for  ternary  systems 
of  type  1. 


Weight  %  CisHitONj 

Fig.  4.  Functional  relatlonslilp 
of  index  of  refraction  of  upper 
layer  of  heterogeneous  region  of 
the  system  trie tliy  la  mine  — 
pyramldon  —  water  to  the 
pyramldon  content  of  the 
ternary  mixtures. 


C„H„0N. 

t3  17  }  ‘ 

Fig.  6.  Solubility  Isotherms  of  the  ternary  system 
dlantlpyrlnomethyl-methylamlne  —  pyramldon  — 
water. 


1* 


f*  20  UQ  60  80 


20  10  60  80 


Weight  %  H2O 

Fig.  5.  Polythermal  cross  sections  of 
the  ternary  system  diantipyrinomethyl- 
methylamine—  pyramldon-  water. 

1)  25j  2)  50j  3)  60j  4)  80  wt.  “/o 
pyramldon  In  binary  mixtures  with 
dlantlpyrinomethyl-methylaminej 

5)  poly  therm  of  the  system  diantl- 
pyrlnomethyl-methylamlne—  waterj 

6)  polytherm  of  the  system 
pyramldon  -  water. 

To  establish  the  boundaries  of  tlie  region  of 
stratification  in  this  ternary  system,  four  polythermal 
cross  sections  were  made.  The  sections  passed  through 
the  apex  of  the  composition  triangle  corresponding  to 
water  onto  tlie  pyramldon  -  diantipyrlnomethyl- 
methylamine  side  with  a  constant  pyramldon  content 
In  the  binary  mixtures  (25,  50,  60,  and  80 
The  numerical  data  are  given  in  Table  7  and  the 
information  is  presented  graphically  in  Fig.  5.  Here 
the  curves  1-4  correspond  to  the  polythermal  cross 
sections  of  tlie  ternary  system.  Their  order  of 
enumeration  Is  the  same  as  for  the  cross  sections. 
Curve  6  belongs  to  the  region  of  stratification  in  the 
system  pyramldon  —  water.  The  separate  Isotlierms 
of  the  ternary  system  were  constructed  by  the  method 
of  graphical  interpolation.  They  are  shown  in  Fig.  6. 


DISCUSSION  OF  RESULTS 

The  Investigations  carried  out  confirm  our  theoretical  suggestions.  In  the  system  pyramldon  — triethylamlne  — 
water  there  exists  a  single  region  of  stratification  that  extends  from  one  limited  stratifying  system  to  the  other. 

In  tlie  second  ternary  system.  In  the  temperature  range  between  Uie  critical  temperatures  of  solution  of  the  liquid 
phases  In  the  stratifying  limited  systems  up  to  74.5*  there  are  two  separate  regions  of  heterogeneity.  As  a  whole, 
the  two- phase  liquid  region  is  separated  from  the  homogeneous  solutions  by  a  surface  which  has  a  saddle-shaped 
fold.  The  latter  appears  distinctly  in  the  isothermal  cross  sections  of  the  ternary  system  tliat  are  shown. 

The  two  ternary  systems  are  characterized  by  the  same  physicochemical  relationship  of  the  components 
of  the  limited  binary  systems,  but  differ  In  die  geometrical  form  of  die  stratification  surface.  This  difference 
Is  a  result  of  the  number  of  prevailing  limited  systems  and  their  gradual  shift  wldi  a  change  In  temperature. 

Since  the  general  theory  of  this  point  was  stated  In  detail  In  out  first  communication,  we  consider  it  unnecessary 
to  discuss  It  again  with  application  to  these  specific  systems.  We  note,  however,  that  our  theory  Is  fully  confirmed 
bodi  In  die  geometrical  form  of  the  polythermal  and  isothermal  cross  sections  of  die  region  of  stratification  and  In 
the  position  of  the  nodes  of  the  30*  isotherm  of  the  system  pyramldon  —  triethylamlne  —  water.  In  the  second 
ternary  system,  the  lines  of  the  conjugated  solutions  of  the  separate  Isotherms  of  die  region  of  stratification,  which 
are  of  the  greatest  interest  to  us,  were  not  determined  because  of  their  metastability.  However,  this  deficiency  is 
not  very  substantial,  since  qualitative  consideration  of  the  direction  of  the  nodes  gives  the  same  isotherms. 

The  third  possible  variety  of  structural  diagram 
for  ternary  systems  having  the  physicochemical  relation¬ 
ship  of  the  components  of  the  type  here  under  con¬ 
sideration  was  discovered  by  I.  L.  Krupatkln  [2]  In  a 
study  of  the  solubility  of  the  liquid  phases  in  the  system 
pyramldon—  diethylamine  —  water.  The  results  of  his 
observations  are  presented  in  Fig.  7.  As  can  be  seen 
from  dlls  figure,  there  are  two  independent  two- phase 
regions  in  this  system  which  do  not  merge  under  any 
temperature  conditions.  The  author  himself  explained 
the  observed  phenomena  by  the  chemical  reaction  of 
the  components  of  the  homogeneous  predominant  * 
system  pyramldon  -  diethylamine.  Having  studied 
the  melting  behavior  of  the  system  pyramldon  — 
diethylamine,  he  affirms  that  there  exists  in  it  a 
chemical  compound  of  the  composition  C13H17ON3. 
•3C4H11N  with  an  Incongruent  melting  point  of  60.5*. 
This  compound,  which  is  distinguished  by  its  nature 
from  the  components  that  produce  it,  is  more  soluble 
in  water.  By  virtue  of  this,  the  quasi- biiury  cross 
section  for  the  system  •chemical  compound  —  water* 
shows  a  homogenizing  effect  on  die  binary  stratifications  of  the  systems  pyramidon—  water  and  diethylamine- 
water  and  results  in  the  separate  existence  in  the  ternary  system  of  two  Independent  two-phase  liquid  regions. 

We  do  not  share  the  viewpoint  of  1.  L.  Krupatkin.  In  the  system  pyramidon  —  diethylamine,  as  in  the 
system  pyramldon-  triethylamlne,  the  components  do  not  react  chemically.  The  line  of  solubility  of  the  solid 
phase  isofthe  usual  "atenovskogo"*  ’type  and  belongs  only  to  pyramidon  over  the  whole  concentration  range  of  the 
system.  Actually,  if  a  chemical  compound  did  exist  in  the  system,  then  the  mixtures  of  components  lying 
between  pyramldon  and  this  compound  in  composition  should  show  a  temperature  halt  at  the  point  of  conversion 
of  the  solid  phases,  and  should  completely  solidify  below  the  peritectic.  Actually,  neither  of  these  phenomena 


•  1.  L.  Krupatkln  replaced  the  idea  of  the  "prevailing  system",  which  entered  into  the  chemical  literature  in 
1936,  by  die  idea  of  a  •predominant  system."  We  do  not  fully  understand  this  change,  since  the  author  does 
not  reveal  the  advantage  of  this  term  anywiiere  in  his  work.  Here  let  us  note  dtat  1.  L,  Krupatkln  ascribes  to 
hlmielf  the  investigation  of  the  system  pyramldon—  water.  We  also  cite  odier  literature  sources. 

•  •  Unaanslatable  term.  Perhaps  a  proper  noun  -Atenovskii. 


w 


Fig.  7.  Solubility  isotherms  of  the  ternary  system 
diethylamine  —  pyramldon—  water. 
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is  observed.  We  consider  that  the  system  pyramldon—  dlethylamine  has  a  nearly  normal  relationship  of  the 
components.  And  if  this  is  so,  tlien  the  causes  leading  to  the  observed  phenomena  in  the  ternary  system  are  as 
we  have  stated  in  our  first  communication. 


SUMMARY 

1.  The  ternary  systems  pyramldon  —  trlethylamine—  water  and  pyramldon—  diantipyrlnomethyl- methyl- 
amine  —  water  have  been  Inwstlgated  with  respect  to  solubility  of  the  liquid  pliases.  The  literature  data 
relating  to  the  system  pyramldon  —  dlethylamine-  water  have  been  considered. 

2.  The  geometric  form  of  the  polythermal  and  Isothermal  cross  sections  of  the  structural  diagrams  of  the 
systems  confirms  the  previously  suted  theoretical  considerations  of  tlie  possible  types  of  structural  diagrams  for 
ternary  systems  made  up  of  two  binary  stratifying  systems  with  lower  critical  points  and  a  tlilrd  homogeneous 
system. 
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TERNARY  MUTUAL  SYSTEM  OF  SODIUM  AND  POTASSIUM 
ISOBUTYRATES  AND  NITRATES 

O.  I,  Dmiirevskaya  and  N,  M.  Sokolov 
Smolensk  State  Medical  Institute 

Translated  from:  Zhurnal  Obshchei  Kliimli,  Vol.  30,  No.  1,  pp.  20-25,  January,  1960 
Original  article  submitted  January  7,  1959 


In  previous  communications  it  has  been  shown  tliat  In  systems  of  sodium  and  potassium  Isobutyrates  and 
thiocyanates  [Ij  and  of  sodium  and  potassium  isovalerates  and  tlilocyanates.  In  contrast  to  systems  made  up  of 
tlie  tlilocyanates  and  the  butyrates  and  valerates  of  these  metals,heterolonic  compounds  are  formed  [^,  The 
formation  of  heterolonlc  compounds  also  occurs  In  systems  of  sodium  and  potassium  acetates  and  salts  of  fatty 
acids  with  a  branched  carbon  chain  [3],  but  In  systems  of  the  acetates  and  salts  of  fatty  acids  with  a  normal 
carbon  chain  in  tlie  radical,  a  heteroionic  compound  Is  not  formed  [4],  The  impression  Is  created  that  In  mutual 
ternary  systems  the  presence  of  a  salt  of  a  fatty  acid  witli  a  branched  carbon  chain  is  a  sufficient  condition  for 
the  formation  of  a  heterolonlc  compound,  independent  of  what  sodium  and  potassium  salts  are  used.  To  verify 
this  conclusion,  we  undertook  the  present  work. 


EXPERIMENTAL 

The  investigation  was  carried  out  by  tlie  universally  employed  method  of  visual  polythermal  physico¬ 
chemical  analysis.  Chemically  pure  commercial  sodium  and  potassium  compounds  were  recrystallized.  The 
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isobutyrates  were  syntlieslzed  by  a  procedure  proposed  by  one  of  us  [4],  The  salts  had  tlie  following  melting 
points:  NaNOj  308*,  KNO,  337*,  Iso-CjHTCOONa  260"  and  Iso-CjHtCOOK  356“.  In  tlie  soHd  sute  all  the 
salts  underwent  Isomorphic  transformations;  NaNOj  at  270“  [5,  6],  KNOj  at  124  and  316"  [7,  8],  Iso-CsHTCOONa 
at  67,  91,  and  220"  and  iso-CjHjCOOK  at  208,  273,  and  348"  [9]. 

TABLE  1 


Iso -C,n,C()ONa—  iso-C,H,r,OOK— 
lsO-C,lI,COOK— KNO,  KNO,  NaNO, 

crystalll-  trystalll-  crystalli- 

zatlon  KNOj  .zation  NaNO,  zation 
(moie<%)  temp.  (mole  %)  temp.  (mole  %)  temp. 


Binary  systems  (Table  1,  Fig.  l).  For  the  three  binary  systems  comprising  the  marginal  sides  of  the  ternary 
system  under  consideration  data  are  given  in  tlie  literature;  1)  in  the  structural  diagram  for  tlie  system  NaNOj- 


hoCjHjCOOffa 


iio-CjMjCOOK 


Mole  ^0 

Fig.  2.  Melting  diagram  of  mixtures  from  diagonal 
cross-sections. 


Iso-CjUTCOONa  two  brandies  of  the  melting  curve  Intersect  In  a  eutectic  point  at  220*  and  25'?i  NaNO3[10]| 

2)  In  tlie  diagram  for  tlie  system  lso-C3M-jCCX)Na  —  is(>C3M|CC)OK  the  two  branches  of  tlie  melting  curve 
intersect  In  a  eutectic  point  at  248*  and  7.5%  iso-C3HyCOOK  [9jj  3)  the  system  NaNOj— KNO3  gives  a 
continuous  series  of  solid  solutions  witli  a  minimum  m.  p.  of  223"  at  50%  KN03[5ji  4)  the  system  IS0-C3H7COOK- 
-KNOj  has  been  investigated  by  us. 


Fig.  3.  Position  of  internal  cross  sections  in  mutual  system 
Na,  K  ii  NO3,  Iso-CsHyCOO. 


Fig.  4.  Internal  cross  sections  I-V  of  mutual 
system. 


Fig.  5.  Internal  cross  sections  VI- XI  of 
mutual  system. 


The  three  branches  of  the  melting  curve  intersect  in  two  points;  in  a  eutectic  at  253*  and  32.5%  KNOj 
and  in  a  transition  point  at  256*  and  47.5%  KNOs.  The  supposed  composition  of  the  compound  is  Iso- 
CsHjCOOK-KNO,. 
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Diagonal  cross  sections  (Table  1,  Fig.  2).  The  two  diagonals  of  a  cross  section,  in  addition  to  die  fields 
of  the  coiiiponents,  pass  througli  the  field  of  the  heteroionic  compound  and  dierefore  have  duee  crystallization 
branches.  In  die  cross  section  for  iso-C3H7COONa  —  KNOj  diey  Intersect  at  244*  and  22.5'7o  KNOj  and  at  278* 
and  83,5%  KNO3,  and  In  the  cross  section  for  lso-C3H7COOK  —  NaN03  they  intersect  at  260*  and  29%  NaN03 
and  at  226*  and  69%  NaN03. 


TABLE  2 


Field  of  crystallization 

Area 

(ln%) 

iso-C3ll7COOK 

21.60 

ISO-C3II7COOK  .  KNO3 

1.50 

KNO3 

y.io 

Na.  K  II  NO3 

5.60 

NaN03 

18.40 

Iso-CgllTCOONa 

6..50 

Heteroionic  compound 

37.:50 

In  order  to  delimit  the  fields  of  crystallization 
and  to  find  die  nonvariant  points,  we  studied  16  In¬ 
ternal  cross  sections,  die  position  of  which  is  given  in 
Fig.  3,  and  die  characteristics  of  which  are  given  in 
Figs.  4-6. 


Fig.  6.  Internal  cross  sections  XII- XVI 
of  mutual  system. 


Fig.  7.  Projection  of  lines  of  joint  crystallization  on  die  side  iso- 
C3lI,COONa-NaN03. 


Melting  diagram  of  mutual  system.  From  the  results  of  the  investigation  of  the  binary  systems,  the 
diagonals,  and  the  16  internal  cross  sections  we  constructed  a  projection  of  the  curves  of  joint  crystallization 
on  the  plane  of  die  polytherm  of  die  binary  system  sodium  isobutyrate  —  sodium  nitrate  (Fig.  7),  which  made 
it  possible  to  determine  die  position  of  die  ternary  and  isodiermal  points  on  the  curves  of  joint  crystallization. 
The  projections  of  die  diagram  of  the  liquidus  of  the  teriury  mutual  system  on  die  composition  square  with 
isodierms  drawn  dirough  20*  is  given  in  Fig.  7. 

The  whole  surface  of  die  liquidus  of  the  ternary  system  Is  divided  into  seven  fields  (Table  2)  because  of 
the  breakdown  of  the  solid  solutions  of  Na,  K  (  NO3,  the  presence  of  die  heteroionic  compound,  and  a  compound 
on  the  side  iso-CslliCOOK—  IOIO3. 
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As  can  be  seen  from  the  data  of  Table  2,  tlie  greatest  area  belongs  to  the  heterolonlc  compxjund,  which 
provides  a  basis  for  tlie  assumption  iliat  tlic  formation  of  tills  compound  Is  dominant  In  tlie  reaction  of  the 
components  of  the  system. 


Iso  -C.HjCQOHa.  i%o-CjHjC00K 

I6<r  JS6* 


Fig.  8.  Projection  of  surface  of  crystallization  of  mutual 
system  Na,  K  H  NO3,  Iso-CsHtCOO  on  the  composition 
square. 


The  four  secants  starting  from  the  pole  of  the  heterolonlc  compound,  for  which  the  compiosltlon  Iso- 
CjHtCOOK  •  NaN03  is  assumed,  and  the  secant  running  down  from  the  pole  of  the  compound  iso-C8HYCOOK» 

•  KNO3  to  the  NaNOs  corner  divide  the  surface  of  the  liquidus  Into  five  phase  triangles,  to  each  of  which 
corresponds  a  ternary  nonvariant  point:  I)  iso-CsHYCOONa*  KNO3—  iso-C3H7CC)OK—  Iso-CsHiCOONa  with  a 
eutectic  point  Ej  at  242“  and  62.5^o  iso-CsHTCOONa,  \l.b1o  iso-C3HyC(X)K,  and  2Q°Jo  KMO3I  II)  Iso- 
C3H.;COONa  •  KNO3  —  Iso-CsHtCOOK  —  Iso-CsHtCOOK-KMOs  with  a  eutectic  point  Ej  at  248*  and  14.5*70  Iso- 
CsHTGOONa,  47.5%  iso- C3H7COOK,  and  38%  KNO3I  III)  Iso-CgHyCOOK  •  KNO3 -NaN03- KNO,  with  a 
eutectic  point  E3  at  214*  and  18.5%  iso-C3H7CC)ONa,  39.5%  NaN03,  and  42%  KKO3I  IV)  iso-CsHTCOONa* 

•  KNO3—  NaN03—  Iso-CsHTCOONa  with  a  eutectic  point  E4  at  217*  and  20.5%  KNO3,  21%  NaN03,  and  58.5% 
iso-C3H7COONaj  V)  Iso-C^HTCOONa •KNO3— NaN03— iso-C3H7C(X)K*KM03  with  a  transition  point  P  at 
254*  and  11%  Iso-CsHTCOONa,  44%  iso-C3H7COOK,  and  45%  KNOj. 

SUMMARY 

1.  A  melting  diagram  has  been  prepared  for  the  ternary  system  of  the  Isobutyrates  and  nitrates  of  sodium 
and  potassium. 

2.  The  formation  in  this  system  of  a  heteroionic  compound,  probably  with  the  composition  Iso- 
CjHiCCXDNa  •  KKOj,  has  been  established. 

3.  The  melting  relationships  of  the  binary  system  lso-C3H^OOK—  KNO3  have  been  investigated  for  the 
flxst  time. 
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RULE  FOR  POSITION  OF  THE  NODES  OF  THE  THREE-PHASE  LIQUID 
CONDITION  IN  FOUR-COMPONENT  SYSTEMS 


R.  V.  Mertslln  and  N.  I.  Nlkurashina 
Saratov  State  University 

Translated  from:  Zhurnal  Obshchel  Khlmll,  Vol.  30,  No.  1,  pp.  25-29,  January,  1960 
Original  article  submitted  February  26,  1958 

Since  this  problem  Is  being  set  up  for  the  first  time,  there  Is  no  previous  literature  on  the  subject.  Inasmuch 
as  the  equilibrium  condition  for  three  conjugate  liquid  phases  Is  expressed  geometrically  by  a  triangle  whose 
apices  correspond  to  the  equilibrium  phases  and  the  sides  of  which  correspond  to  the  three  nodes  which  connect 
these  phases  by  pairs,  the  problem  under  consideration  led  to  a  search  for  some  regularity  In  the  arrangement  of 
the  triangles  for  the  three  liquid  phases,  which  In  their  conjunction  form  some  three-phase  space  In  the  composi¬ 
tion  tetrahedron. 

To  start  with,  we  shall  take  the  most  general  case  of  a  four- component  system  that  includes  a  three-phase 
condition  where  the  latter  Is  formed  within  tlie  space  of  the  composition  tetrahedron  from  one  of  Its  lateral  faces 
to  another.  Such  an  Instance  Is  shown  graphically  In  Fig.  1,  from  which  we  can  see  all  of  the  necessary  details 
relative  to  such  a  system.  Thus,  it  can  be  seen  that  the  space  of  the  three  liquid  phases  liltlilili  Is  passes 
through  the  whole  tetrahedron  from  the  face  ACD  to  the  face  BCD,  that  Its  three  sides  —  lilili'lz,  hhh  '  h’ » 
and  Izlslzh'  ~  curved  surfaces,  each  of  which  Is  contiguous  to  a  space  of  two-phase  conditions,  respectively, 
ICAlAC^CBlBChhl  ih'*  ^DA^AD^DB^BD^l^sfi’is’.  and  /  CB^BC^2^3^«’ »  and  that  consequently  any  cross 
section  of  this  space  passed  parallel  to  the  base  will  have  a  field  bounded  by  two  curved  lines.  Any  vertical 
section  of  the  space  of  three  liquid  phases  passed  through  the  vertex  of  the  tetrahedron  and  the  edge  DC  onto  die 
side  AB  will  contain  a  field  of  equilibrium  of  three  liquid  phases  bounded  by  three  curved  lines.  In  this  same  case. 


D 


A  B  m  c  nif 

Fig.  1 
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when  the  plane  of  the  vertical  section  coincides  with  the  plane  of  tlie  triangle  of  tlie  conjugate  phases,  the  field 
of  three-pliase  equilibrium  will  be  bounded  by  rhe  nodes,  l.e.,  by  straight  lines.  It  is  worthy  of  note  that  of  tlie 
six  bounding  binary  systems  there  is  only  one  binary  homogeneous  system.  A  — B,  and  all  the  rest  show  stratifica¬ 
tion.  Hence,  we  may  conclude  that  this  binary  system  Is  predomlnent,  l.e.,  that  we  can  expect  an  expression  of 
tlie  reaction  of  Its  components  In  tlie  geometric  character  of  tlie  curves  and  die  surfaces  of  some  of  the  hetero¬ 
geneous  conditions,  among  diem  the  three-pliase  condition.  Furthermore,  our  problem  becomes  completely 
defined.  It  is  Impossible  to  look  for  regularity  in  die  arrangement  of  the  nodes  (of  the  triangles)  of  die  three- 
phase  liquid  condition  wldiout  linking  it  widi  die  reaction  of  the  components  of  the  system.  Such  a  problem, 
taking  into  consideration  die  tremendous  variety  of  entirely  unconnected  separate  cases  of  four- component 
systems  diat  Include  three  liquid  phases,  probably  not  only  would  not  have  a  well-defined  solution,  but  would 
lead,  at  best,to  die  establishment  of  separate  rules  having  no  connection  with  each  odier,  l.e.,  to  Individual 
solutions  devoid  of  a  common  physical  meaning. 


Put  in  anodier  way,  the  problem  leads  to  a  search  for  some  regularity  In  die  arrangement  within  the 
composition  tetrahedron  of  the  triangles  of  three  liquid  phases  in  relation  to  the  reaction  of  the  components  of 
die  predominant  system  A  — B.  Simultaneously,  the  problem  also  acquires  a  simple  physical  significance.  Let 
us  actually  take  the  system  A  — C  — D,  consisting  of  the  diree  liquid  phases  I^,  I2,  and  Z3.  Let  us  introduce  into 
It  component  B.  The  latter  will  distribute  itself  in  some  manner  among  all  diree  phases.  But  since  in  die  instance 
under  Investigation  die  reaction  between  components  B  and  C,  and  also  between  c  otnponents  B  and  D  is  decreased, 
dien  basically  die  distribution  will  be  determined  by  the  strongest  reaction,  i.e.,  the  reaction  between  the  com¬ 
ponents  A  and  B  of  die  predominant  system.  Thus,  die  problem  leads  to  a  search  for  a  rule  for  the  distribution 
of  one  of  the  components  of  the  predominant  system  between  three  liquid  phases  of  the  four- component  system. 


rrio 


Let  us  proceed  to  die  solution  of  die  problem  set  up.  For  this  purpose,  let  us  examine  a  cross  section  of 
die  structural  diagram,  die  plane  mm^mj  (Fig.  1),  passed  parallel  to  the  face  ABC  of  the  composition  tetrahedron. 

In  diis  section  there  are  three  separate  fields  of  heterogeneity  separated  from 
one  another  by  die  curves  23  and  14:  m223,  a  two- phase  field  of  die  phases 
li  and  Z3I  die  field  1234,  a  diree- phase  field  of  die  phases  Zj,  and  /r;  and 
the  field  14mmi,  a  two-pliase  field  of  Zj  and  Z3.  Curve  23  is  die  geometric 
location  of  die  points  of  Intersection  of  those  nodes  of  the  triangles  of  diree- 
phase  condition  which  form  die  surface  Izlihlz,  while  curve  14  Is  formed 
by  the  points  of  Intersection  with  the  nodes  that  form  die  surface 
The  separate  triangles  of  three-phase  condition  intersect  as  straight  lines  that 
in  their  aggregate  form  the  field  1234.  Therefore,  on  curves  23  and  14  there 
necessarily  will  be  conjugate  points,  for  example  a  and  b,  and  the  straight 
line  ^  joining  diem  is  the  trace  ot  the  intersection  of  die  plane  1111011112  of 
die  appropriate  diree-phase  triangle.  Therefore,  the  rule  for  die  arrangement 
of  the  triangles  widiiii  die  composition  tetrahedron  should  be  expressed  as  a 
rule  for  the  arrangement  of  these  straight  lines  on  the  field  1234.  It  is  not  difficult  to  find  the  latter,  if  the  rule 
is  known  for  the  arrangement  of  die  nodes  of  the  two-pliase  condition  for  the  three- component  system,* 


Now,  let  us  turn  our  attention  to  die  fact  that  one  and  the  same  phase,  Z3,  enters  Into  the  makeup  of  all 
of  the  fields  of  heterogeneity  of  the  cross  section  that  was  drawn  and  it  is  produced  by  saturation  of  die  component 
D  by  the  phases  diat  constitute  the  three- component  system  A  -'B  — G.  On  die  other  hand,  die  phases  and  Z2 
that  figure  in  the  cross  section  mmim2  are  produced  from  the  appropriate  phases  of  the  same  diree- component 
system  by  saturating  them  widi  component  D.  But  since  component  D  reacts  weakly  widi  components  A,  B,  and 
C,  separately.  Its  presence  cannot  substantially  change  the  equilibrium  picture  of  the  three- component  system 
A  — B  — C.  Hence,  it  should  be  concluded  that  curves  14  and  23  will  have  a  geometric  character  determined 
basically  by  die  reaction  of  the  components  of  die  predominant  system  A  —  B,  and  diat  die  straight  lines  designated 
by  dieir  nodes,  which  join  the  corresponding  points  of  these  curves,  will  play  the  role  of  nodes  of  die  two- phase 
field  of  stratification  of  the  three- component  system.  Therefore,  if  their  direction  is  determined  In  the  same  way 
as  die  direction  of  die  nodes  of  the  field  of  stratification,  i.e.,  by  ascertaining  their  deflection  to  die  right  or  left 


•  See  ISFKliA  Akad.  Nauk  SSSR  18,  33  (1950). 


26 


from  a  section  drawn  tlirough  the  vertex  m2  onto  the  side  rnnij,  for  example  m2c  for  the  nodal  straight  line  ab 
(Fig.  1),  then  we  tan  predict  the  following  rules  for  the  arrangement  of  die  nodal  straight  lines,  and  consequently, 
for  die  triangles  of  three- liquid  phases  In  the  composition  tetrahedron. 

1.  If  the  binary  system  A  — B  is  formed  by  components  with  a  normal  reaction,  then  the  nodal  lines  should 
have  a  nul  direction  (Fig.  2). 

2.  If  the  binary  system  A  —  B  shows  decomposition  of  one  of  Its  associated  components,  dien  the  nodal 
lines  should  be  directed  to  die  right  or  left  depending  on  die  position  in  the  composition  tetrahedron  of  the  critical 
node,  l.e.,  the  node  formed  by  phases  and  /21  which  are  In  die  critical  state,  and  phase  ij.  It  Is  understood  that 
such  a  node  could  eidier  be  within  the  composition  tetrahedron  opposite  die  face  BCD  (or  ACD)  or  be  located 

on  dlls  face,  or  could  be  fictitious  (located  on  one  or  the  odier  side  of  die  tetrahedron,  outside  of  it).  In  all  cases, 
the  plane  passing  through  the  points  mmim2  Intersects  such  a  node  at  a  point  (Fig.  3)  that  is  located  eidier 
wldiin  the  cross  section,  or  on  the  straight  line  mjm2  (or  mm2),  outside  of  this  line.  If,  from  the  point  of  view 
of  an  observer  located  in  front  of  the  side  mnii,  the  point  k/3  is  located  on  the  right,  then  the  nodal  lines  will 
be  directed  to  the  left,  and  vice  versa  (Fig.  3). 


3.  If  In  the  system  A  — B  there  is  an  undissociated  compound  V,  then  in  the  section  mrr!im2  the  nodal  line 
should  have  a  nul  direction  with  respect  to  the  composition  of  this  compound,  and  each  of  the  curves  14  and  23 
will  be  formed  of  two  branches,  IS,  S4  and  2S*,  S*3  respectively,  which  Intersect  sharply  at  the  end  points  S  and 
S’  of  dlls  nodal  line  at  an  Inward  or  outward  angle  (Fig.  4).  Depending  on  the  reaction  between  the  compound  V 
and  the  components  A  and  B,  and  also  on  the  location  of  the  fictitious  (in  the  given  instance)  critical  nodes,  the 
nodal  lines  of  the  fields  12SS*  and  SS*34  will  have  a  right,  left,  or  nul  direction.  The  picture  of  the  cross  section 
should  not  change  qualitatively  with  a  change  In  the  existing  conditions. 


Fig.  4 


Fig.  5 


4.  If  the  compound  V  dissociates,  then  the  points  S  and  S*  will  be  formed  by  the  gradual  intersection  of 
the  branches  of  the  curves  14  and  23,  but  the  position  of  the  nodal  line  SS’  will  correspond  to  the  composition  of 
the  compound.  Finally,  for  the  case  of  irrational  reactions  of  the  components  we  must  expect  or.  curves  14  and 
23  a  leveling  off  of  die  peaks  S  and  S'  and  a  shift  of  the  latter  on  the  cross  section  depending  on  the  conditions 
existing  in  the  system  and  die  choice  (wldi  respect  to  height,  l.e.,  to  the  content  of  component  D)  of  the  section 
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Itself,  and  these  extreme  points,  generally  speaking,  will  belong  to  different  triangles  of  three  liquid  phases,  l.e., 
they  will  not  be  corresponding  points.  The  general  aspect  of  a  cross  section  of  such  a  system  is  shown  in  Fig.  5. 

Thus,  we  come  to  the  conclusion  tliat  the  rule  for  the  location  of  the  nodes  of  tlie  three-phase  condition 
in  the  type  of  four- component  system  under  consideration  is  directly  dependent  on  the  relationships  of  the 
components  of  die  binary  homogeneous  predominant  system  and  can  be  qualitatively  predicted  in  advance,  if 
these  relationships  are  known.  The  converse  also  is  true,  i.e.,  on  the  basis  of  experimentally  investigated  cross 
sections  of  die  composition  tetrahedron  it  is  possible  to  draw  conclusions  regarding  the  relationships  of  the  com¬ 
ponents  of  the  binary  predominant  system. 

SUMMARY 

1.  The  geometric  character  of  cross  sections  drawn  parallel  to  one  of  die  faces  of  the  composition 
tetrahedron  of  four- component  systems  diat  include  one  binary  predominant  system  in  the  presence  of  a  three- 
phase  condition  has  been  studied. 

2.  It  has  been  suggested  diat  the  field  of  a  diree- phase  condition  in  these  cross  sections  will  have  a 
geometric  character  analogous  to  die  field  of  a  two- phase  condition  in  the  diree- component  system  parallel 
to  die  face  of  which  die  cross  section  was  drawn. 

3.  A  representation  of  the  nodal  lines  has  been  Introduced. 

4.  A  suggestion  has  been  made  concerning  the  character  of  the  arrangement  of  the  nodal  lines  on  the  field 
of  a  three-phase  condition  for  the  cross  section  under  consideration  in  relation  to  die  reaction  of  the  components 
of  the  binary  predominant  system. 
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Stannic  chloride  forms  complex  compounds  of  the  general  formula  SnCl^*  2RCOOH  and  SnCl^’SRCOOH 
with  monocarboxylic  acids  [1-8],  Davidson  [9]  described  the  compound  SnCl4‘4CH3COOH.  The  behavior  of 
stannic  bromide  toward  monocarboxylic  acids  has  scarcely  been  studied  at  all.  It  has  been  established  that 
sunnic  bromide  reacts  with  CH3COOH  [10]  to  form  conducting  solutions,  and  does  not  react  with  CH2BrCOCTl 
[llj.  Compounds  of  sunnic  bromide  with  glycine  [12]  with  the  compositions  SnBr^  •  4NH2CHjCCX3H  and 
SnBr^  •  2CH3COOH  •  2NH2CH2COOH  have  been  described. 

The  present  communication  gives  the  results  of  an  investigation  of  the  systems  SnBr^  — C2H5COOH, 
SnBr4-C3H7COOH,  and  SnBr^- CgHi^COOH  by  physicochemical  analytical  methods. 


EXPERIMENTAL 

Stannic  bromide  was  synthesized  and  was  purified  by  repeated  distillation  and  fractional  freezing  out. 

The  fraction  boiling  at  198.1*  and  699  mm  pressure  was  collected  and  sealed  in  ampoules  in  a  special  apparatus! 
m.  p.  29*  n-propionic,  m- butyric,  and  n-caproic  acids  were  dried  over  calcined  copper  sulfate,  repeatedly 
distilled,  fractionally  frozen  out,  and  stored  in  sealed  ampoules.  The  propionic  acid  had  b.  p.  136*  (692  mm), 
d®  0.9917J  butyric  acid  b.  p.  158*  (707  mm),  m.  p.  —4.7*,  d®  0,9574;  caprolc  acid  b.  p.  197.7*  (704  mm), 
m.  p.  -  3*,  d®  0.9278. 

The  methods  of  measuring  viscosity,  density  and  electrical  conductivity  have  been  described  previously 

[13]. 

1.  The  system  SnBr^  —  C  jJsCOOH  was  studied  with  respect  to  viscosity  and  density  at  20,  40,  and  60*,  and 
with  respect  to  electrical  conductivity  at  20  and  40*.  The  results  of  the  measurements  are  given  in  Tables  1  and 
2.  In  Table  3  the  results  are  given  for  the  calculation  of  the  corrected  electrical  conductivity,  the  temperature 

coefficient  of  conductivity,  and  the  constant  B  calculated  from  the  equation  r\=:Ae^^. 

In  Fig.  1  the  composition- property  diagrams  are  shown.  From  a  consideration  of  the  figure,  it  can  be  seen 
that  the  Isotherm  for  viscosity  at  20“  passes  through  a  diffuse  minimum  at  50  mole  %  and  a  maximum  at  20 
mole  %  SnBr^.  In  the  Isotherm  for  viscosity  at  60*  tlie  maximum  and  minimum  ate  absent.  The  viscosity 
maximum  occurring  at  20  mole  is  connected,  apparently,  with  the  formation  of  the  compound  SnBr^'dC^j- 
COOH. 
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The  Isoilierm?  of  the  specific  electrical  conductivity  pass  tlirough  a  maximum  at  13  mole  SnBr4.  With 
an  increase  In  temperature  the  specific  conductivity  falls  sharply,  i.e.,  a  negative  temperature  coefficient  of 
electrical  conductivity  is  observed  for  the  system. 


TABLE  1 


Stannic  Bromide  Content 

Viscosity  (In  centipoises) 

Density 

(g/cmS) 

mole  <^0 

Wt.*7o 

20” 

40” 

60” 

20” 

40” 

60” 

O.OU 

0.00 

1.09 

0.822 

0.650 

0.9917 

0.9725 

0.9516 

5.30 

24.68 

1.69 

1.07 

0.770 

1.2165 

1.1861 

1.1581 

9.83 

39.22 

2.40 

1.32 

0.895 

1.3996 

1.3630 

1.3286 

l.'».7() 

50..50 

2.74 

1.44 

0.961 

1.57;i5 

1..5303 

1.4945 

20.00 

59.67 

2.76 

1.48 

0.995 

1.7456 

1.6992 

1.6.587 

23.97 

65.11 

2.71 

1.53 

1.04 

1.8640 

1.8160 

1.7734 

29.93 

7 1 .65 

2.59 

1.54 

1.07 

2.0450 

1.9921 

1.9485 

3/t.98 

76.09 

2.48 

1.54 

1.10 

2.1624 

2.1158 

2.0699 

44..59 

82.64 

2.40 

1.5S 

1.15 

2.3937 

2.3457 

2.2973 

59.84 

89.80 

2.40 

1.68 

1.27 

2.7170 

2.6667 

2.6164 

64.54 

91.50 

2.39 

1.70 

1.29 

2.7488 

2.6991 

2.6493 

70.25 

93.32 

2.48 

1.78 

1.35 

2.8893 

2.8385 

2.7871 

82.81 

96.61 

2.55 

1.88 

1.45 

3.1174 

3.0630 

3.0087 

88.67 

97.87 

2.63 

1.99 

1.53 

3.2090 

3.1555 

3.0982 

94.50 

99.03 

— 

1.98 

1.53 

— 

3.2343 

3.1784 

100.00 

100.00 

2.66  • 

2.00 

1.55 

3.3091 

3.2512 

•  Found  by  extrapolation  of  the  straight  line  expressing  the  relationship  of  log  tj  to  Vt. 

The  qualitative  form  of  the  Isotherms  of  electrical  conductivity  does  not  change  tvhen  a  correction  Is 
Introduced  for  viscosity.  The  isotherms  for  the  corrected  conductivity  pass  through  a  maximum  at  15  mole  % 
SnBr^.  The  negative  temperature  coefficient  of  electrical  conductivity  and  the  sharp  decrease  in  the  corrected 

conductivity  with  an  increase  in  temperature  Indicate  the  tlierrnal  instability  of  the  compounds  formed  In  the 

R 

system.  The  constant  B  of  the  equation  =  calculated  for  the  temperature  Interval  20-40*,  reaches  a 

maximum  value  at  17-18  mole  °}o  SnBr^.  The  Isotherms  of  tlie  specific  volume  are  almost  straight  lines. 


TABLE  2 


At 

20° 

At 

40” 

mole  ‘’Jo 
SnBr, 

J 

(ohm“^cm"^J 

mole  ‘’Jo 
Snlir, 

X  .  w 

^ohm“^cm"^) 

in  ole  ‘’Jo 
SnBr4 

.ohirr^ctn^; 

mole  ‘Jo 
SnBr, 

X  .  10‘ 

(ohm“^cm"^ 

100  00 

24.91 

2.42 

100.00 

17.41 

2.53 

75.27 

0.125 

21.90 

3.20 

60.63 

0.127 

15..50 

2.74 

70.34 

0.125 

19.79 

3.82 

55.15 

0.136 

13.96 

2.84 

64.36 

0.125 

17.90 

4. .39 

51.44 

0.152 

12.62 

2.86 

59.74 

0.130 

16.28 

4.89 

47.46 

0.176 

11.44 

2.80 

55.67 

0.142 

14.80 

5.29 

43.12 

0.233 

10.43 

2.67 

52.25 

0.161 

1.3..50 

5.41 

38.50 

0.341 

9.09 

2.38 

48.37 

0.203 

1 2.37 

5.59 

33.44 

0.580 

.5.61 

1.18 

43.44 

0.309 

11.22 

5.59 

29.16 

0.908 

0.00 

— 

38.00 

0.564 

10.08 

5.36 

25.49 

1.35 

32.89 

1.02 

8.25 

4.68 

22.36 

1.78 

28.52 

1.66 

6.42 

3.31 

19.77 

2.17 

0.00 

— 
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Thus,  the  results  of  the  ineasureniciits  of  viscosity  and  electrical  conductivity  indicate  wltliout  any  doubt 
the  presence  in  the  system  of  a  reaction.  Tlie  origin  of  the  electrical  conductivity,  In  our  opinion,  is  connected 
wltii  the  formation  of  the  compounds  SnBr^  •  3C2II5COOH  and  SnBr^  •  4C2H5COOH,  which  break  down  Into  their 
components  when  tlie  temperature  rises. 


TABLE  3 


Mole  ^0 

to* 

.  (in  %) 

It  .  to* 
(kcal  ) 

SiiUr, 

at" 

40* 

20- 

40* 

0 

2.56 

5 

4.56 

1.49 

—2.61 

3.58 

1(1 

12.9 

3.41 

—2.58 

5.49 

15 

14.4 

4.02 

-2.35 

5.81 

20 

10.7 

3.27 

—2.21 

5.57 

25 

6.53 

2.14 

—2.11 

5.14 

30 

3.69 

1.28 

-2.10 

4.72 

35 

- 

_ 

—  1.99 

4.41 

40 

1.11 

0  47 

—0.55 

4.09 

50 

0.43 

0.26 

—0.56 

3.54 

60 

— 

— 

,3.21 

70 

— 

— 

3.02 

80 

_ 

— 

— 

2.80 

90 

_ 

— 

— 

2.63 

IC.) 

— 

— 

— 

2.60 

2.  The  S',  •cm  SidSr^  — CsHtCOOH  was  studied  with  respect  to  electrical  conductivity,  viscosity,  and 
density  at  20,  4u,  ai  d  60*.  The  results  of  the  measurements  are  given  In  Tables  4  and  5|  in  Table  6  results 
are  given  for  the  calculation  of  the  corrected  electrical  conductivity,  the  temperature  coefficient  of  conductivity, 
and  also  the  constant  B. 


TABLE  4 


SnBt4  Content 


wt.  °lo 


0.00 

36.51 

45.93 

55.77 

60.24 

67.20 

71.14 

76.91 

80.28 

81.68 

89.53 

93.19 

97.90 

100.00 


mo\c°Jo 


o.oo 

10.35 
14. .58 
20.22 
2.3.32 

29.10 
33.13 

40.10 
44.99 
52.62 
63.23 

73.33 

90.34 

100.00 


Viscosity  (in  centipoises) 

20® 

40° 

60° 

1.60 

2.55 

2.88 

3.01 

2.99 

2.97 

2.93 

2.88 

2.77 

2.72 


2.66 


1.14 

1.51 

1.68 

1.74 

1.71 

1.84 
1.86 
1.86 

1.85 
1.88 
1.93 
1.96 
2.00 


0.85 

1.05 

1.13 

1.19 

1.17 

1.26 

1.29 

I..33 

1.34 

1.40 

1.44 

1.51 

1.55 


Density  (g/cm^) 


20" 


0.9574 

1.3120 

1.4445 

1.6124 

1.7020 

1.8610 

1.9698 

2.1473 

2.2660 

2.4470 

2.6787 

2.88.50 

3.2044 


40» 


0.9378 

1.2827 

1.4103 

1.5748 

1.6620 

1.8192 

1.9272 

2.1018 

2.2192 

2.3991 

2.ti282 

2.8316 

3.1476 

.3.3091 


60* 


0.9188 

1.2.551 

1.. 3792 

1.. 5399 
1.6263 
1.7818 
1.8858 
2.0500 
2.17.57 
2.3518 
2.5795 
2.7803 
.3.0914 
.3.2512 


The  composition- property  diagrams  are  given  In  Fig.  2.  The  Isotherm  for  tlie  density  at  20*  passes  through 
a  maximum  at  25  mole  %  SnBr.^.  With  an  Increase  in  temperature  the  viscosity  maximum  shifts  in  the  direction 
of  stannic  bromide  and  becomes  flatter.  At  60*  the  maximum  disappears  entirely,  and  the  viscosity  Isotherm 
becomes  a  curve  concave  toward  tlie  composition  axis.  The  Isotherms  of  electrical  conductivity  pass  through  a 
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Fig.  1.  Composition — property 
diagrams  for  the  system 
SnBr^-CzHBCOOH. 


Fig.  2.  Composition—  property 
diagrams  for  the  system 
SnBr^-CsH^OOH. 


maximum  at  20  mole  SnBr^.  The  temperature  coefficient  of  the  specific  electrical  conductivity  (Table  6) 
over  the  whole  concentration  range  is  negative.  The  isotherms  for  tlie  corrected  electrical  conductivity  pass 
through  a  maximum  at  20  mole  ‘7o  SnBr4,  which  indicates  the  formation  of  the  compound  SnBr4*4C3H7COOH. 
The  maximum  value  of  tlie  corrected  electrical  conductivity  decreases  with  an  increase  in  temperature  from 
20  to  60*  by  approximately  9  times.  The  relatlonslilp  between  tltc  constant  B  and  tlie  composition  is  expressed 
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In  a  curve  that  passes  through  a  maximum  at  20  mole  °Jo.  Such  a  form  for  the  curve  apparently  confirms  the 
formation  In  tlie  system  of  tlte  compound  SnBr^  *40511  tCOOH, 


TABLE  5 


At  20» 

At  ^0® 

At  60® 

mole'yo 

SnUr. 

*  •  10'  (olim"^ 
cm'*) 

* .  10.  (ohur^ 
cm  *) 

mole 

bnilr, 

IIHRU 

0.00 

9.76 

13.2 

9.00 

2.65. 

9.94 

1.67 

12.76 

21.0 

13.15 

4.69 

1.3.07 

2.73 

15.'i0 

21.9 

1.5.22 

5.36 

15.10 

3.31 

20..')6 

26.7 

19.89 

5.60 

20.08 

4.17 

23.94 

25.7 

2.3.06 

5.18 

23.06 

3.64 

25.88 

24.0 

25.08 

4.69 

25.06 

3.27 

28.33 

19.7 

28.08 

3.94 

27.93 

2.70 

30.56 

16.5 

30.50 

3.31 

30.01 

2.12 

35.92 

10.5 

34.82 

2.41 

35.00 

1.39 

40.93 

6.36 

40.65 

1.11 

40.26 

0.82 

46.37 

3.31 

44.19 

0.75 

44.98 

0.54 

51.78 

1.79 

50.25 

0.37 

.50.15 

0.26 

61.25 

0.16 

59.73 

0.08 

59.51 

0.12 

70.25 

O.lo 

— 

— 

69.98 

0.03 

81.87 

0.11 

— 

— 

— 

0.03 

— 

— 

— 

— 

100.00 

TABLE  6 


Mole  ^0 
SnBr« 

*T,  .  10* 

a  (in  *70) 

B  •  10’  (  kcal  ) 

20®  1 

40® 

60® 

20-40® 

0 

3.08 

5 

0.710 

0.122 

0.048 

-2.43 

3.65 

10 

3.37 

0.479 

0.168 

—3.71 

4.53 

15 

7.20 

0.902 

0.370 

—3.90 

4.99 

20 

7.90 

0.974 

0.480 

—3.96 

4.87 

25 

7.65 

0.841 

0.411 

—4.06 

4.67 

30 

5.10 

0.619 

0.274 

—4.02 

4.49 

35 

3.11 

0.414 

0.178 

—4.11 

4..33 

40 

2.02 

0.250 

0.103 

-4.04 

4.19 

45 

1.12 

0.139 

0.073 

—4.04 

4.03 

50 

0.560 

0.074 

O.WO 

—3.85 

3.77 

55 

0.289 

0.046 

0.027 

—3.81 

3.60 

60 

0.1.50 

0.019 

0.014 

—3.69 

3.47 

65 

0.081 

0.009 

0.007 

—4.26 

3.35 

70 

0.041 

— 

— 

— 

3.25 

80 

— 

— 

— 

3.03 

90 

_ 

—  * 

— 

2.81 

100 

— 

- 

— 

— 

2.60 

Although,  as  we  have  seen,  a  reaction  takes  place  In  the  system,  the  change  In  volume  Is  subject  to  the 
rule  for  mixing.  The  results  of  cryoscoplc  measurements  carried  out  In  benzene  are  given  In  the  form  of  a 
molecular  weight— composition  diagram  (Fig.  2).  The  relationship  of  the  molecular  weight  to  the  concentration 
is  expressed  by  a  curve  that  is  concave  toward  the  composition  axis  and  whose  form  indicates  the  reaction  of  die 
components.  According  to  our  measurements,  the  molecular  weight  of  butyric  acid  corresponds  to  a  dimer. 
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3,  The  system  SnBr^-CsHuCOOH  was  investigated  with  regard  to  viscosity  and  density  at  20,  40,  and 
60*.  the  results  of  die  measurements  are  given  in  Tables  7  and  8j  in  Table  9,  we  present  the  results  of  cal¬ 
culation  of  tlie  corrected  electrical  conductivity,  tlie  temperature  coefficient  of  conductivity,  and  the  constant  B. 
Composition—  property  diagrams  are  given  in  Fig.  3.  The  viscosity  isotherms  at  all  temperatures  pass  through  a 
maximum  ,  the  position  of  wtilch  shifts  in  the  direction  of  stannic  bromide  as  the  temperature  rises.  The  specific 
electrical  conductivity  passes  tlirough  a  maximum  at  28-  25  mole  7o  SnBr^.  When  a  correction  for  viscosity  is 
made,  the  maximum  in  the  electrical  conductivity  isotlierms  is  preserved. 


TABLE  7 


Content  of 

Snlir, 

\'iscosity(in  centipoises) 

Density  (g/cin*) 

wt.% 

mole 

20° 

40°  j 

60° 

20°  j 

40° 

60° 

0.00 

0.00 

3.o:i 

1.98 

1.39 

0.9278 

0.9102 

0.8932 

28.89 

9.72 

3.HS 

2.26 

1.53 

1.1787 

1.15.53 

1.1337 

46.93 

18.99 

3.83 

2.32 

1.57 

1.4125 

1..3817 

1.3583 

61.85 

30.05 

.3.82 

2.34 

1.62 

1.6892 

1 .6.562 

1.6247 

71.27 

39.67 

3.69 

2.31 

1.62 

1.924  1 

1.8809 

1.8525 

78.37 

18.99 

3.57 

2.27 

1.61 

2.1.520 

2.1116 

2.0724 

85.31 

60.69 

3.36 

2.23 

1.62 

2.43.39 

2.3863 

2.3436 

89.35 

68.98 

3.22 

2.20 

1.60 

2.6338 

2..5816 

2.5394 

9.3.17 

78.32 

3.01 

2.11 

1.56 

2.8554 

2.8031 

2.7545 

97.57 

91.42 

2.83 

2.06 

1.56 

.3.1666 

3.1104 

.3.0586 

100.00 

100.00 

2.66 

2.00 

1.55 

— 

3.3091 

.3.2512 

The  maximum  in  tlie  corrected  electrical  conductivity,  which  occurs  at  25  mole  °Jo  SnBr^,  apparently 
indicates  that  when  stannic  bromide  reacts  with  caprolc  acid,  the  compound  SnBr^*  3C5Hj^COOH  is  formed. 


TABLE  8 


At 

20° 

At 

40° 

mole  ^0 
Snllr, 

'olirii^® 

curl) 

mole  <70 
Snnr, 

*  •  10* 
(ohnij 

0.00 

0.00 

10.00 

0.09 

4.36 

0.06 

14.59 

0.96 

13.19 

0.12 

20.14 

2.58 

15.23 

0.12 

24.89 

4.30 

20.25 

0.24 

28.67 

3.71 

26.36 

0.31 

34.86 

3.21 

30.00 

0.18 

39.88 

2.50 

35.12 

0.15 

44.03 

1.70 

40.49 

0.12 

49.46 

1.16 

45.86 

0.09 

54.98 

0.69 

49.99 

0.06 

60.20 

0.31 

59.64 

0.05 

65..59 

0.21 

82.80 

— 

70.70 

0.18 

80.00 

100.00 

UXl.OO 

TABLE  9 


Mole  °Jo 

SnBr, 

XT)  . 

10' 

« (in  °Jo) 

20° 

40° 

20- 

40° 

0 

3.78 

5 

0.87 

0.11 

-4.00 

4.37 

10 

2.09 

0.23 

—4.09 

4.49 

15 

4.06 

0.41 

—4.14 

4.54 

20 

9.61 

0.58 

—4.52 

4.54 

25 

16.5 

0.75 

— 4.65 

4.51 

30 

1.5.3 

0.47 

—4.75 

4.45 

35 

12.2 

0.35 

—4.79 

4.35 

40 

9.23 

0.16 

— 4.76 

4.23 

45 

5.82 

0.12 

—4.84 

4.14 

50 

3.89 

0.11 

—4.77 

4.00 

60 

1..52 

— 

—4.78 

3.70 

70 

0.48 

— 

— 

3.37 

80 

0.15 

— 

— 

3.11 

90 

_ 

— 

— 

2.85 

100 

— 

— 

— 

2.60 

The  temperature  coefficient  of  electrical  conductivity,  as  in  tlie  preceding  system,  is  negative  and 
remains  almost  constant  in  the  concentration  range  5-65  mole  %  SnBr^.  The  curve  expressing  the  relationship 
of  tlie  constant  B  to  composition  passes  through  a  maximum  at  20  mole  SnBr^,  which  Indicates  the  formation 
of  the  compound  SnBr^'dC^HjjCCXDH.  The  specific  volume  of  this  system  also  is  subject  to  tlie  mixing  rule. 

The  molecular  weight— composition  diagramis  a  curve  tliat  is  concave  toward  tlie  composition  axis.  Such  a  form 
for  tlie  curve  indicates  tlie  reaction  of  the  components,  but  does  not  provide  direct  evidence  of  tlie  coniposltlon 
of  the  compounds  formed  in  die  system. 
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'Hie  molecular  weight  for  caprolc  acid  also  Indicates  a  dimer. 

DISCUSSION  OF  RESULTS 


Thus,  the  physicochemical  analysis  of  the  systems  SnBr^  — C2USCOOH,  SnBr^  — C3H7COOH,  and 
SnBr^  — CjHiiCOOll  Indicates  tlie  presence  In  them  of  an  acid—  base  reaction.  On  tlte  basis  of  property— composi¬ 
tion  diagrams,  we  suggest  tliat  the  compounds  SnBr^*  4C2H5COOH,  SnBr^*  4C3II7COOH,  SnBr^'SCgH^COOH, 
and  SiiBr^  •  CgH^COOH  exist. 


iTie  complex  compounds  SnBr^  •  2C2U5COOH, 

SnBr^*  2C3H7COOH,  and  SnBr^  •  2C5H^COOH  no  doubt  exist, 
although  In  the  diagrams  from  the  physicochemical  analysis 
they  are  not  Indicated.  Similar  complex  compounds 
SnCl4*2CH3COOH  [3,  4]  and  SnCl4  •  2C6H5COOH  [1]  have  been 
Isolated  In  crystalline  form.  The  complex  compounds 
SnBr.t-4C2H5COOH,  SnBr^*  4C3H7COOH,  SnBr^  •  SCgHuCOOH, 
and  SnBr4*C5HnCOOH  are  electrolytes.  The  formation  of 
these  compounds  also  explains  the  appearance  of  electrical 
conductivity  in  the  solutions  upon  mixing  nonconducting 
starting  materials  [3,  5,  6,  14,  15].  The  compounds  with  the 
composition  ratios  1  ;3  and  1  :4  are  thermally  unstablej  when 
the  temperature  Is  raised,  they  easily  break  down  Into  their 
components.  The  thermal  decomposition  of  these  compounds 
Is  indicated  by  the  negatlv'e  temperature  coefficient  of  electrical 
conductivity  and  the  sharp  decrease  in  the  corrected  conductivity 
with  a  rise  in  temperature. 


Fig.  3.  Composition—  property 
diagram  for  tlie  system 
SnBr4- CgHiiCOai. 


Fig.  4.  Values  of  corrected  electrical  conductivity  In  the 
systems  SnClg— RCOOll  (a)  and  SnBr4  — RCCXXl  (b). 
q)  CHjCOOHt  Cj)  C2H5COOH;  Cj)  C3H1COOH1 
C4)  CgHuCOOH. 
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In  I'lg.  4,  we  compare  the  values  for  the  corrected  electrical  conductivity  of  the  systems  SnBr^  —  CHsCOOH 
[10]  (25*),  SnBr^-CjHsCOOH,  SnBr4 - C3H7COOH,  and  SnBr^ -C5HUCOOH  at  20*.  From  Fig.  4  it  can  be  seen 
that  the  values  for  the  corrected  electrical  conductivity  decrease  in  going  from  CHjCOCX-I  to  CgHuCOOH.  Such 
a  decrease  in  the  corrected  conductivity  shows  tliat  the  extent  of  die  acid — base  reaction  between  stannic  bromide 
and  the  carboxylic  acids  decreases  in  die  direction  CH3GOOH  -*  C2H5COOH  -♦  C3HyC(X)H  -►  CsH^COOH.  A 
similar  rule  is  observed  in  die  systems  formed  by  stannic  chloride  [5,  6]  widi  carboxylic  acids  of  die  aliphatic 
series.  Tne  value  of  the  corrected  electrical  conductivity  in  the  systems  SnCl^  — RCOOH  characterizes  the 
strength  of  the  complex  acids  [SnCl4(RCOO)3]H2,  which  decreases  as  the  length  of  die  radical  of  die  carboxylic 
acid  increases.  Comparison  of  the  values  of  the  corrected  electrical  conductivity  (Fig.  4,  a  and  4,  b)  shows 
diat  in  die  systems  formed  by  stannic  chloride  this  value  (in  spite  of  the  higher  temperature  of  the  measurements)* 
Is  considerably  greater  than  in  the  systems  SiiBr^  — RCOOH,  i.e.,  in  the  systems  SnCl^  —  RCOOH  there  is  a  more 
extensive  acid—  base  reaction. 

Thus,  a  comparison  of  the  values  of  die  corrected  electrical  conductivity  graphically  Illustrates  the 
complex- forming  force  and  shows  diat  stannic  bromide  is  a  weaker  complex- forming  agent  than  stannic  chloride. 


SUMMARY 

1.  The  systems  SnBr^  — C2H5COOH,  SnBr^  — C3H7COOH,  and  SnBr^  — CsHjjCOOH  have  been  studied  by 
physicochemical  analysis  of  the  liquid  phase.  It  has  been  established  that  the  components  of  diese  systems 
enter  into  an  acid— base  reaction.  On  die  basis  of  the  results  of  the  measurements,  it  has  been  suggested  that 
the  compounds  SnBr4  *40^50001-1,  SnBr4*4C3HYCOCS-l,  SnBr4*  SCsH^jCOOH,  and  SnBr4  •  4C5HjliCOOH  exist. 

2.  It  has  been  established  that  die  extent  of  the  acid— base  reaction  of  stannic  bromide  with  carboxylic 
acids  decreases  as  die  length  of  die  radical  in  the  acid  increases. 

3.  On  the  basis  of  a  comparison  of  the  values  of  the  corrected  electrical  conductivity  of  the  systems 
SnBr4  — RCOOH  and  SnCl4  — RCOOH  it  has  been  shown  that  stannic  bromide  is  a  weaker  aproton  acid  than 
stannic  chloride. 
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In  a  previous  communication  [1]  we  presented  the  results  of  a  polarographic  investigation  of  o-,  m-,  and 
p-aminoacetophenones  and  showed  the  effect  of  tlie  position  of  the  amino  group  on  the  polarographic  activity 
of  these  compounds. 

In  order  to  further  investigate  the  connection  between  the  principal  polarographic  characteristics  and  the 
presence  in  tlie  molecule  of  various  groups,  and  also  the  condition  of  the  material  in  solution  in  relation  to  various 
conditions,  we  have  also  investigated  the  isomers  of  the  N,N-dimetliylaminoacetophenones  and  the  N-aceto- 
amidoacetophenones. 

The  results  of  these  investigations  are  given  in  tlie  present  communication. 


EXPERIMENTAL 

Tlie  dimethyl  and  acetyl  derivatives  of  the  aminoacetophenones  were  synthesized  by  the  following  methods. 

N,N-Dimetliyl-o-aminoacetophenone  was  prepared  by  methylating  o-aminoacetophenone  with  methyl 
iodide  [2]  and  was  purified  by  steam  distillation  and  vacuum  distillation. 

N,N- Dimethyl- ni-aminoacetophenone  was  prepared  by  refluxing  m-aminoacetophenone  with  methyl 
iodide  and  sodium  carbonate  solution  [3J.  Unlike  metliod  [3],  tlie  isolation  and  purification  of  the  N,N-dimethyl- 
m-aniinoacetophenone  was  carried  out  not  by  vacuum  distillation  and  pressing  out  the  crysuls  tliat  were  formed 
in  a  viscous  oil,  which  is  very  difficult  for  small  amounts,  but  by  chemical  means  by  passing  hydrogen  chloride 
into  an  ether  solution,  tlie  hydrochloride  of  the  N,N-dimethyl-m-aminoacetophenone  was  precipitated,  the  pre¬ 
cipitate  was  washed  witli  ether,  then  dissolved  in  water  and  boiled  with  animal  charcoal.  After  filtration,  the 
amine  was  isolated  witli  sodium  hydroxide  and  steam  distilled.  The  crystals  that  formed  in  the  aqueous  distillate 
were  filtered  off  and  the  filtrate  was  exuacted  witli  etlier.  The  N,N-dimethyl-m-aminoacetophenone  that  was 
recrystallized  from  a  mixture  of  etliyl  and  petroleum  ethers  formed  colorless  needles  with  m.  p.  41*,  which 
agrees  witli  the  data  in  tlie  literature. 

N,N- Dimethyl- p-amlnoacetophenone  was  syntlicsized  by  the  method  described  for  the  meta  isomer  [3]. 
Isolation  and  purification  was  carried  out  in  tliis  instance  by  steam  distillation  and  fractional  recrystallization 
from  petroleum  etlier  [4].  M,  p.  106*,  which  agrees  with  tlie  data  in  the  literature. 

N-  Aceto- o- amldoacetophenoiie  was  prepared  by  reacting  o-aniinoacetophenone  witli  acetic  anhydride 
[5,  6].  After  purification  by  recrystallization  from  water,  tlie  product  formed  colorless  needles  with  m.  p.  77*, 
which  agrees  witli  the  data  in  the  literature. 
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N- Aceto-ni-arnidoacctophenone  was  prepared  by  reacting  m-aininoacetophenone  dissolved  in  acetic  acid 
with  acetic  ariiivdiide  [3J  and  was  purified  by  recrysiallization  from  water  or  dilute  alcohol.  Colorless  needles 
with  in.  p.  129°,  which  agrees  witli  the  data  in  the  literature. 

N- Aceto-p-ainidoacetophenone  was  prepared  by  reaction  of  p-aminoacetophenone  with  acetic  anhydride 
bv  tlie  meiiiod  used  for  tlie  preparation  of  the  ortho  isomer  [6J.  After  recrystallization  from  W'ater,  the  compound 
formed  colorless  needles  with  m.  p.  1G6*,  which  agrees  with  the  data  in  the  literature. 

The  method  of  investigation  (apparatus,  characteristics  of  the  dropping  electrode,  and  compoation  of  tlie 
solutions)  has  been  described  previously  [1]. 

Results  of  die  polarojraphic  investigation  of  all  the  isomers  of  the  N,N-dlmethyl  and  N-acetyl  derivatives 
of  the  aminoacetophenones  (half-wave  potentials  against  a  saturated  aqueous  calomel  electrode  and  constants  of 
the  diffusion  current)  are  presented  in  Tables  1-3  and  in  the  polarograms  (Figs.  1-6). 


Fig.  1.  Polarographic  waves  of  N,N- di¬ 
methyl- o-aminoacetophenone  on  a 
background  of  buffered  solutions  with 
various  pH  values:  l)  2.2j  2)  3.75| 

3)  6.13}  4)  7.26}  5)  10.29;  6)  11.64; 
concentration  of  depolarizer  1.55 
millimoles/ liter. 
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Fig.  2.  Polarographic  waves  of  N,N- di¬ 
methyl- m-aminoacetophenone  on  a 
background  of  buffer  solutions  with 
various  pH  values:  l)  2.2;  2)  3.75; 

3)  6.13;  4)  7.23;  5)  10.29;  6)  11.54; 
concentration  of  depolarizer  1.145 
millimoles/liter. 


N,N- Dimethyl- o-aminoacetophenone  on  a  background  of  acid  buffer  solutions  produced  a  polarographic 
wave  witli  varying  values  of  Ej/  from  —  1.11  (pH  2.2)  to  —  1.37  v  (pH  6.13).  At  pH  6.13  the  polaro¬ 
graphic  wave  was  elongated,  pernaps  as  a  result  of  the  superposition  of  two  closely  located  waves.  In  solutions 
with  pH  7.26  and  above,  two  waves  were  observed,  the  half-wave  potentials  of  which  were  —  1.48  v  for  the 
first  wave  and  —  1.80  v  for  the  second. 


These  values  were  almost  unchanged  upon  further  Increase  of  the  pH  to  10.29.  At  still  higher  pH  values 
(11.54)  the  first  wave  disappeared  completely,  but  along  witli  the  second  wave  a  third  one  appeared,  which  was 
poorly  defined  with  a  greatly  extended  rise  starting  at  —  2.18  v. 


On  the  background  of  N(CH3)4l  only  one  wave  was  observed,  with  —  1.73  v. 

N,N-Dimetliyl- m-aminoacetophenone  in  acid  buffered  solutions  produced  one  wave  up  to  pH  6.13,  the 
Ej^  of  which  changed  wiui  a  change  in  pH  from  —  1.11  (pH  2.2)  to  —  1.33  v  (pH  6.13),  and  then  at  pH  7.32 

this  wave  decreased  in  height  and  a  second  wave  appeared  with  Ej/^  —  1.61  v.  At  pH  10.29  and  11.54,  the  first 


wave  was  absent.  Ej  ,  for  the  second  wave  at  tliese  pH  values  was  —  1.65  v  (close  to  the  half-wave  potential 

't 

of  unsubstituted  acetophenone).  At  pH  11.64,  along  with  tlie  dlminisliing  second  wave  there  appeared  a  third 
wave,  starting  at  —  2.14  v,  greatly  extended  and  poorly  defined.  On  the  background  of  N(CH3)4l  one  wave 
was  observed  with  Ej^  —  1.56  v. 
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Tile  polarographic  waves  for  m-dimethylaminoaceiophenone  at  various  pH  values  are  shown  in  Fig.  2. 

N,N-Dlmetliyl-p-aniinoacetophenone  was  reduced  at  the  dropping  mercury  cathode  in  acid  medium  with 
somewhat  more  difficulty  than  the  first  two  compounds:  up  to  pH  6.13  one  wave  was  observed  with  Ei/  “  l.lf  v 

(pH  2.2)  and  —  1.42  v  (pH  C,13)j  in  this  connection  it  sliould  be  noted  tliat  tlie  difference  in  the  half-wave 

potentials  for  the  para  Isomer  and  the  otlier  two  isomers  decreased  when  the  pH  was  lowered  and  for  all  tlie 

Isomers  approached  E  t/  for  unsubstituted  acetophenone  as  tlie  pH  diminished. 


Fig.  3.  Polarographic  waves  of  N,N- 
dlmethyl-p-  amlnoacetophenoiie  on 
a  background  of  buffer  solutions  witli 
various  pH  values:  l)  2.2i  2)  3.75} 
3)  6.13|  4)  7.26»  5)  10.29;  6) 
11.54;  concentration  of  depolarizer 
1.146  millimoles/liter. 
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Fig.  4.  Polarographic  waves  of  N- 
aceto-o-amidoacetophenone  on  a 
background  of  buffer  solutions  with 
various  pH  values:  l)  2.2;  2)  3.17; 
3)  3.75;  4)  6.13;  5)  7.26;  6) 
10.29;  7)  11.54;  concentration  of 
depolarizer  1.14  millimoles/liter. 


TABLE  1 


Values  of  Half-Wave  Potentials  of  the  Ortho-,  Meta-,  and  Para-Isomers  of  tlie  N,N-Dimeiliyl- 
and  N-Acetylaminoacetophenones  in  Buffer  Solutions  with  Various  pH  Values 


Isomer 

Value  of  Lj/  at  pHj 
'2 

1 

2.2 

3.17 

3.75 

1.63 

7.26  1 

7.32 

10.29 

11.54 

o 

1.11 

1.15 

1.37 

1.48, 

1.50, 

1.73,  2.30 

Dimetliylamino- 

m 

1.11 

1.17 

1.33 

1.80 

1.38, 

1.78 

1.62 

1.65,  2.27 

acetophenone 

P 

1.17 

1.29 

1.42 

1 .48 

1.61 

1.76 

1.81,  2.32 

o 

1.3;i,  1.26, 

1.36 

1.45 

1.36, 

l.,5.5, 

1.57,  1.97 

Acetamldoaceio- 

l.-l'i,  1.16 

1.57 

1.35 

m 

1.13 

1.16, 

1.23, 

1.47 

1.52 

1.42 

1.54 

1.60,  2.05 

phenoiie 

l.:i7 

1.39 

1.5S 

1.69,  2.27 

p 

1.20 

1.22, 

1.25, 

1.33, 

— 

1.43, 

1.63 

1.43 

1.43 

1.53 

1.61 

•  All  values  of  Ej  .  given  with  minus  sign. 
/  2 


In  solutions  with  pH  >  6  two  waves  appeared  instead  of  one  —  tlie  second  with  E  — 

>2 

at  pH  10.29  tlie  first  wave  entirely  disappeared  and  at  pH  11.54  along  wltli  the  diminishing 

“  1.81  V )  the  appearance  of  a  third  wave  was  observed  starting  at  Ej,  —  2.2  v. 

V* 


1.70  to  -  1.72  v: 

second  wave  (Ej 

ft 


40 


N- Aceto-o-arnldoacetopljcrione  even  In  acid  solutions  (pH  2.2  and  above)  produced  In  Its  polarogram 
two  distinctly  defined  waves.  Tlie  half- wave  potential  of  the  first  wave  (Ej^  —  1.23  v  at  2.2)  shifted  In  the 

negative  direction  with  an  Increase  In  the  pH,  but  die  half-wave  potential  of  the  second  wave  remained  relatively 
constant  (—  1.44  to  —  1.46  v  ). 

Tills  resulted  In  die  two  waves  running  togedier  at  pH  3.75,  and  one  wave  being  formed  with  a  height 
almost  equal  to  die  sum  of  die  heights  of  die  two  waves  that  appeared  at  lower  pH  values.*  At  pH  6.13,  the 
first  wave  became  Imperceptible,  since  Its  height  fell  to  practically  zero. 

In  alkaline  solutions,  two  waves  were  observed,  the  second  one  starting  at  E^y  about  —  1,92  and  having 

a  sloping  character.  The  first  wave  had  Ejy  —  1,55  v  (pH  10.29). 

On  the  background  of  unbuffered  0.05  N  N(CHj)4l  solution  two  waves  were  observedi  the  first  had  E^y 
—  1.57  v  and  the  second  —  2.05  v. 

N- Aceto-m-anildoacetophenone  In  the  acid  region,  like  the  ortho  Isomer,  gave  two  waves.  However,  In 
the  polarogram  obtained  in  a  buffered~solutlon  with  pH  2.2  only  one  wave  was  seen,  the  second  apparently 
coinciding  with  the  reduction  background  (hydrogen  ion).  At  pH  3.17  and  above,both  of  the  waves  mentioned 
were  observed  and  die  half-wave  potentials  became  more  negative  as  the  pH  Increased,  E^y  for  the  first  wave 

Increasing  more  widi  the  rise  in  pH,  and  at  a  background  pH  of  6.13  the  two  waves  practically  tan  together  Into 

one,  so  that  bevond  that  point  there  was  one  wave  with  a  constant  Ejy  .  At  a  background  pH  of  11.54,  still 
'  '2 

anotlier  wave  appeared  with  E^y  —  2.05  v. 

The  sum  of  the  heights  of  the  two  waves  In  acid  medium  was  approximately  equal  to  the  height  of  the 
wave  at  pH  6 .13  and  above. 
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Fig.  5.  Polarographlc  was-os  of  N-aceto- 
m-amidoacetophenone  on  the  background 
of  buffered  solutions  with  various  pH 
values;  1)  2.2i  2)  3.17;  3)  3.75;  4) 
6.13;  5)  7.32;  6)  10.29;  7)  11.54; 
concentration  of  depolarizer  1.11 
mllllmoles/llter 
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Fig.  6.  Polarographlc  waves  of  N-aceto- 
p-amidoacetophenone  on  tlte  background 
of  buffered  solutions  with  various  pH 
values:  l)  2.2;  2)  3.17;  3)  3.75; 

4)  6.13;  5)  7.32;  6)  10.29;  7) 

11.54;  concentration  of  depolarizer 
1,11  mllllmoles/llter. 


N- Aceto-p-amidoacetophenone  produced  two  waves  In  the  acid  range;  Ey  for  the  first  wave  Increased 
approximately  by  60  rav  per  pH  unit  In  tlie  direction  of  negative  values  of  the  potentials  as  the  pH  Increased; 


•  In  Fig.  4  (curves  1  and  2)  the  residual  current  of  the  background  entered  Into  the  total  magnitude  of  the 
current.  In  connection  with  which  the  total  height  of  the  waves  at  these  pH's  was  somewhat  greater  than  the 
actual  sum  of  the  heights  of  the  two  waves  of  N-aceto-o-amldoacetophenone, 
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Ej^  for  tlie  second  wave  changed  considerably  less  with  pH  (  w  30  niv  per  pH  unlt)|  Ey  for  tlie  second  wave 

at  pH  2.2  was  determined  wltli  great  difficulty  because  of  the  proximity  of  die  reduction  of  tlie  hydrogen  Ion, 
and  we  therefore  did  not  make  this  determination.  At  pH  about  7  these  two  waves  almost  ran  together  Into  one, 
since  tlie  half-wave  potentials  became  very  close  and  die  bend  between  the  two  waves  became  difficult  to 
distinguish.  In  die  alkaline  region  at  pH  10.29  one  wave  was  observed  with  Ej ,  close  to  die  value  of  Ej, 

/2  /j 

for  the  second  wave  at  pH  about  7. 


TABLE  2 


Relation  of  Constants  of  Diffusion  Current 


2d _ 


of  Substituted  Amlnoacetophenones 


to  pH 


Aminoaceto- 

c  (mmoles 

^d, 

fd 

phenone 

pH 

/litei^ 

m 

1.145 

3.88 

2.33 

p 

Dimethyl 

1.145 

3.88 

2.33 

o 

2.2 

1.55 

4.01 

2.42 

m 

1.11 

2.06 

g  1 

Acetyl 

1.11 

1.13 

2.06 

3.52 

2.15 

m 

1.145 

4.31 

2.59 

P 

Dimethyl 

1.145 

4.63 

2.78 

0 

3.75 

1.550 

3.88 

2.33 

2.19 

ni 

1.11 

3.58 

0.0 

Acetyl 

1.11 

1.13 

3.68 

3.63 

2.25 

2.22 

m 

1.145 

3.34 

2.01 

p 

o 

Dimethyl 

7.26 

1.145 

1.55 

2.23 

3.16 

3.34 

1.90 

2.01 

2.00 

m 

1.11 

3.26 

P 

Acetyl 

1.11 

3.04 

1.86 

0 

1.13 

3.20 

1.96 

m 

0.594 

3.85 

m 

1.14.'') 

3.79 

2.29 

P 

p 

Dimethyl 

10.29 

0.594 

1.145 

3.66 

3.58 

2.18 

o 

0.806 

1.65 

3.44 

2.08 

o 

1.55 

1.47 

3.42 

m 

0.589 

1.54 

3.48 

m 

l.ll 

3.37 

2.10 

P 

10.29 

0.589 

3.48 

P 

Acetyl 

1.11 

3.37 

2.10 

0 

0.590 

3.68 

o 

1.13 

3.57 

2.22 

m 

1.145 

2.62 

5.05 

3.03 

P 

Dimethyl 

1.145 

3.05 

4.31 

2.59 

o 

11.54 

1.550 

3.04 

3.88 

3.30 

2.33 

2.02 

m 

1.11 

2.39 

P 

o 

j  Acetyl 

1.11 

1.13 

2.60 

1.88 

3.63 

3.25 

2.22 

1.99 
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At  a  background  pH  of  11.54  the  appearance  of  still  another  poorly  defined  wave  was  observed,  starting 

at  Ej,  —  2.08  V.  For  the  para  Isomer  on  a  background  of  0.05  N  Nfcnj)^!  two  waves  were  observed  lying 

'1 

very  close  together,  the  first  wave  having  a  lesser  height  tlian  the  second  and  being  very  poorly  defined:  Ey  = 
a  —  1.48  v|  E*y  =  —  1.61  v. 

The  magnitudes  of  the  half-wave  potentials  of  the  Individual  Isomers  at  various  pH  values  are  given  In 
Table  1  and  the  constants  of  the  diffusion  current  calculated  for  both  the  first  and  for  the  totAl  wave  are  given 
In  Tables  2  and  3. 


TABLE  3 


Constants  of  Diffusion  Current  of  Various  Substituted  Amlnoacetophenones  on  the  Background 
of  0.05  N  (CHj)4N1 


Depolarizer 


Dimethylamlno- 

aceto^tenone 


c  (  mmoles/ 
liter) 


Average 


Acetamldoaceto- 

phenone 


Average 


0.204 

3.39 

0.577 

i 

3.24 

0.b50 

3.19 

1.1 10 

3.14 

Average 

3.24 

1.98 

0.294 

3.39 

0.577 

3.24 

0.850 

3.26 

1.110 

3.14 

Average 

3.28 

2.01 

0.302 

2.39 

3.80 

0.592 

2.34 

3.76 

0.872 

2.34 

1.140 

2.33 

3.65 

Average 

2.35 

2.72 

2.27 

DISCUS 

SION  OF  RESU 

LTS 

As  can  be  seen  from  die  results  presented  in  die  experimental  section,  all  of  the  compounds  Investigated 
were  reduced  at  the  dropping  mercury  electrodei  however.  In  connection  with  the  specific  Influence  of  both  the 
nature  of  the  substituent  and  Its  position  In  the  benzene  ring  of  amlnoacetophenone  the  character  of  the  polarograms 
of  the  isomers  studied  differed. 


43 


Thus,  ilie  para  Isomer  of  dimetliylamlnoacetophenone  in  the  acid  region  behaved  differently  from  the  other 
two  isomers  —  it  was  reduced  in  the  pH  range  from  3  to  6.7  with  somewhat  more  difficulty  dian  the  ortho  and 
meta  Isomers,  wlille  in  the  case  of  tlie  unsubstituted  aminoacetophenones,  the  behavior  of  tlie  ortho  and  para 
Isomers  in  tills  pH  region  was  similar  [1], 

Thus,  in  tlie  pH  region  where  salt  formation  does  not  go  to  completion,  i.e.,  the  noncovalent  pair  of 
electrons  on  die  nitrogen  are  not  bound,  die  conjugation  of  die  carboxyl  group  with  the  electron- repelling  group 

—  N(CH3)2  in  die  para  position  hinders  its  reduction  as  a  result  of  the  increase  in  electron  density  on  the>  C=aO 
group. 

In  die  ortho  position  the  effect  of  conjugation  apparently  is  somewhat  upset  because  of  the  steric  hindrances 

—  die  escape  from  coplanarlty  of  die  functional  group  N (0^3)2  because  of  its  larger  size  dian  die  NH2  group 

O 

group.  This  leads  to  some  disturbance  of  die  effect  of  the 

CH3 

conjugation  of  the  unshared  electron  pair  wldi  die  tr -electrons  of  the  benzene  ring  and  the  effect  of  the 
N(ais)2  group  in  the  ordio  position  becomes  similar  to  its  effect  in  die  meta  position. 

Wlien  the  pH  was  decreased  to  2.2  and  below,  die  reduction  potentials  for  ail  three  isomers  approached 
each  odier  because  of  die  participation  in  salt  formation  of  the  noncovalent  electron  pair  on  the  nitrogen  and 
the  elimination  of  its  mobility. 

At  die  same  time  there  was  a  clearly  noticeable  decrease  in  the  effect  of  the  hydrogen  bond  between  the 
amino  group  and  die  carbonyl  group  in  the  case  of  N,N-dimethyl-o-aminoacetophenonet  its  reduction  potential 
in  acid  medium  did  not  become  more  negative  than  for  the  meta  isomer,  W'hile  in  the  case  of  die  aminoaceto- 
phcnoncs  the  presence  of  die  hydrogen  bond  in  the  ortho  isomer  hinders  reduction  of  die  carbonyl  group  (the 
reduction  potential  of  o-aminoacetophenone  was  determined  by  us  at  pH  1.6  and  was  equal  to  —  1.04  v,  but  the 
meta  isomer  under  die  same  conditions  had  a  reduction  potential  of  —  0.96  v). 

The  above  indicated  spatial  characteristics  of  the  structure  of  N,N-dimethyl-o-amlnoacetophenone  (some 
disturbance  of  the  coplanarity)  resulted  in  die  behavior  of  diis  isomer  in  die  alkaline  region  being  different  from 
that  of  the  para  Isomer  —  it  was  reduced  somewhat  more  easily  dian  the  para  Isomer,  but  with  somewhat  more 
difficulty  dian  die  meta  isomer  because  of  die  partial  escape  of  the  —  N(CH3)2  group  from  conjugation;  however, 
some  electron  donor  effect  of  the  —  N(CH3)2  group  was  still  observed:  a  higher  negative  electrode  potential  was 
required  for  die  transfer  of  the  second  electron,  as  also  was  true  for  die  reduction  of  jN,N- dimethyl- p- amino- 
acetophenone. 

As  can  be  seen  from  the  data  of  Tables  2  and  3,  all  of  the  N- substituted  aminoacetophenones  Investigated 
by  us  were  reduced  with  a  total  expenditure  of  2  electrons  per  molecule;  where  two  waves  were  observed,  each 
of  diem  corresponded  to  a  one- electron  process. 

The  —  NHCCXIH3  group  had  a  special  effect  on  die  character  of  the  polarographic  reduction  of  the 
carbonyl  group. 

Since  the  tendency  to  salt  formation  was  weak  for  all  the  Isomers  of  die  N-acetamidoacetophenones,  even 
in  acid  medium  a  large  difference  was  observed  in  die  reduction  of  diese  isomers  in  comparison  widi  the  amino- 
and  N,N-dlmeihylaminoacetophenones;  their  reduction  potentials,  particularly  those  of  the  ortho  and  para  isomers, 
not  only  did  not  approach  for  die  unsubstituted  acetophenone,  but  even  declined  with  a  decrease  in  pH.  All 

of  diem,  upon  reduction  in  acid  medium,  produced  two  one- electron  waves,  both  die  first  and  the  second  of  these 
waves  for  die  meta  Isomer  lying  at  more  positive  potentials,  while  for  die  para  and  ortho  isomers  diey  were  more 

negative.  For  the  meta  isomer,  the  Ej,  of  die  first  wave  practically  coincided  with  Ej,  for  the  unsubstituted 

^2  /z 

acetophenone.* 


and  die  closeness  of  the  position  to  the  C<^ 


\ 


•  Ej/  for  acetophenone  in  0.1  N  HCl  is  —  1.13  V. 
'2 
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The  difficulty  In  reduciii};  Uie  carbonyl  group  In  the  N-acetainldoacetophcnones  In  acid  medium  In 
comparison  wlili  the  other  derivatives  considered  by  us  is  connected  witli  tlieir  lower  tendency  to  salt  formationi 
thus,  the  electron  donor  effect  of  tlie  —  NHCOGH3  group  is  preserved  in  acid  medium.  It  should  be  kept  in 
mind  tliat  the  electron  donor  effect  of  tlie  —  NIICCX3H3  group  is  generally  somewhat  lower  than  tliat  of  the  NHj 
group  [or  11(013 )2Jl  however,  it  does  occur,  as  can  be  seen  from  the  results  presented.  The  absence  of  the 
possibility  of  die  transmission  of  diis  effect  when  die  —  NllCCXlIlj  group  Is  in  die  meta  position  in  relation  to 
the  carbonyl  group  leads  to  die  meta  isomer  being  reduced  (even  in  acid  medium)  in  a  manner  similar  to 
acetophenone. 

In  alkaline  medium  the  N-aceto-o-  and  N-aceto-m-amidoacetophenones  were  reduced  almost  at  the 
same  potentials,  but  the  para  Isomer  was  reduced  wldi  somewhat  more  difficulty.  We  explain  this,  as  in  the 
case  of  the  dlmedtyl  substituted  derivatives,  by  die  escape  from  coplanarity  of  the  —  NHCC)CH3  group  in  the 
ortho  isomer,  which  leads  to  a  lowering  of  die  effect  of  die  conjugation  of  the  electronegative  group  —  NHCOCH3, 
while  this  effect  remains  in  die  para  isomer.  However,  even  in  die  para  isomer  the  electronegative  effect  of  the 
—  NHCOCH3  group  is  so  small  (especially  at  average  pH  values)  that  there  was  scarcely  any  great  difference 
observed  among  the  diree  isomers.  This  is  connected  widi  the  opposing  effect  of  the  carbonyl  group  of  the  acetyl 
radical;  dierefore  N-aceto-p-amidoacetophenone,  for  example,  is  reduced  more  easily  in  the  alkaline  region 
(at  pH  10)  than  the  para- amino-  or  para-dimethylamino  isomers. 

In  the  strongly  alkaline  region,  in  p-acetamidoacetophenone  a  proton  apparently  splits  off  from  the  amino 
group,  which  is  under  the  acidifying  influence  of  the  acetyl  group  that  is  directly  linked  to  it,  and  the  free  ionic 
charge  communicates  an  additional  electron  density  to  die  nitrogen  of  the  amino  group.  This  elicits  a  more 
Intense  sliift  in  the  electron  density  through  die  system  of  tt -bonds  of  the  benzene  ring  to  the  CO-group,  which 
results  in  more  difficult  reduction  of  p-aceumldoacetophenone  in  alkaline  medium  than  of  the  ortho  and  meta 
Isomers  and  brings  the  magnitude  of  the  electron- repelling  effect  of  the  acetamido  group  close  to  that  of  the 
N(CH3)2  and  NHj  groups. 


O  0 

11  •• 

C-CH3  G-CH3 


The  production  of  an  extended  wave  in  strongly  alkaline  media  is  still  not  clear.  However,  it  can  be 
assumed  that  it  is  connected  with  a  change  in  the  nature  of  the  reaction  at  the  electrode  and  the  formation  of 
other  end  products. 


SUMMARY 

1.  The  polarographlc  behavior  of  the  diree  isomers  of  N,N- dimethyl-  and  N-acetylaminoacetophenones 
at  the  dropping  mercury  cathode  has  been  investigated  and  their  main  polarographlc  characteristics  have  been 
determined  in  both  buifeied  and  unbuffered  solutions. 

2.  A  connection  has  been  established  betv/een  the  effect  of  the  nature  of  the  substituents  on  the  amino 
group  of  the  aminoacetophenones  and  their  position  and  die  principal  polarographlc  characteristics.  This 
connection  has  been  explained  from  the  point  of  view  of  die  electron  theory  of  the  structure  of  organic  molecules 
and  their  state  in  the  polarographed  solution. 
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AROMATIC  HYDROCARBONS 

XII.  ADDUCTS  OF  1,3- ALKADIENES  WITH  1-NAPHTHALENEACRYUC  ACID 

V.  R.  Skvarchenko,  R.  Ya.  Levina,  and  M.  I.  Pugina 
Moscow  State  University 

Translated  from:  Zhurnal  Obshchel-Khimil,  Vol.  30,  No.  1,  pp.  46-50,  January,  1960 
Original  article  submitted  December  19,  1958 


A  study  of  1-naphthaleneacryllc  acid  in  the  diene  synthesis  reaction  has  not  been  made  up  to  now.  In  die 
present  paper  it  was  shown  that  this  dienophile  Is  less  reactive  dian  the  structural  analogous  cinnamic  acid,  and 
In  order  to  obtain  adducts  of  1-naphthaleneacrylic  acid  with  dlenic  hydrocarbons.  It  is  necessary  to  heat  for  a 
long  time  at  elevated  temperature  in  an  autoclave.  Thus,  when  1-naphthaleneacryllc  acid  was  heated  with 
buudiene  and  2,3-dlmethyl-l, 3-butadiene  in  an  autoclave  for  30  and  14  hours,  respiectively,  at  150-160*  and 
180-190*,  we  obulned  2- (l- naphthyl)-  (l)  and  4,5- dimethyl- 2- (1- naphthyl)-  (II)  -  l,2,3,6-tetr<diydrobenzolc 
acids  in  yields  of  27  and  53 respectively. 


As  we  had  reported  earlier  [1],  the  adducts  of  1,3- alkadienes  with  cinnamic  acid,  namely  2- phenyl- 1, 2,3,6- 
tetrahydrobenzolc  acids,  are  converted  Into  hydrocarbons  of  the  fluorene  series  when  heated  with  phosphorus 
pentoxidei  for  example 
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It  could  be  expected  that  the  reaction  of  phosphorus  pentoxide  with  the  adduct  of  butadiene  and  1- 
naphthaleneacrylic  acid  0)  would  go  in  a  similar  manner.  However,  tlie  intramolecular  acylation  of  the 
naphthalene  ring  by  the  carboxyl  group  (first  stage  of  ilie  reaction)  could  proceed  in  two  directions  -  either 
in  position  2  or  8  of  tlie  naphthalene  ringj  here  the  formation  of  a  mixture  of  two  hydrocarbons  (or  of  only  one 
of  them)  could  be  expected,  namely  3,4-benzofluorenc  (111)  and  benzanthracene  (IV). 
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From  the  products  of  reacting  phosphorus  pentoxide  with  adduct  (I)  we  isolated  a  hydrocarbon,  tlie  physical 
and  chemical  properties  of  which  differed  from  those  of  3,4-benzofluorene  (III),  but  proved  to  be  close  to  the 
properties  of  benzanthracene  (IV)  (Table). 


Hydrocarbon  ! 

Melting 

Melting  point 

point 

of 

plcrate 

of  di¬ 
bromide 

Obtained  hydro- 

carbon 

72«> 

110° 

173° 

3,4-BenzofIuorene 

(m)[2j 

124—125 

130—131 

Does  not  forn 

Benzantliracene  (IV) 
[3J 

81 

111 

dibromlde 

174 

However,  the  mixed  melting  point  of  the  obtained  hydrocarbon  with  authentic  benzanthracene  was  de¬ 
pressed  considerably;  tlie  mixed  melting  point  of  tlie  picrates  of  the  two  hydrocarbons  was  also  depressed.  That 
the  obtained  hydrocarbon  is  different  from  benzanthracene  was  also  confirmed  by  making  a  comparative  study  of 
the  infrared  absorption  spectra  of  the  two  hydrocarbons  (Figure).  * 

Further  study  revealed  that  carbon  dioxide  is  evolved  when  the  adduct  of  butadiene  with  I- naphthalene- 
acrylic  acid  is  reacted  wltli  phosphorus  pentoxide.  The  decarboxylation  of  2-(l-naphthyl)-l, 2,3,6- tetrabenzoic 
acid  (I)  should  lead  to  tlie  formation  of  l-(  A^-cyclohexenyl)naphthalene  (V).  The  latter  is  not  reported  in  the 
literature;  only  tlie  isomeric  hydrocarbon  with  the  double  bond  in  a  different  position  is  known,  namely  1-(a^- 


We  wish  to  thank  L.  A.  Kazitsina  for  taking  tlie  Infrared  absorption  spectra. 


cyclohexenyl)iiaplitlialeiie,  which  when  heated  with  selenium  suffers  irreversible  catalysis  with  the  formation  of 
l-phenylnaphihalene  (VI)  and  l-cyclohexylnaphthalcne  (VII)j  of  these  two  hydrocarbons  only  the  second  (VIl) 
forms  a  plcrate  [4J. 

To  identify  tlie  hydrocarbon  obtained  by  us  as  being  l-(  /?>*-cyclohexenyi)naphtlialene  we  heated  our 
compound  with  selenium  and  found  tliat  it  also  was  converted  to  a  mixture  of  1-phenyl-  (VI)  and  1-cyclohexyl- 
naphthalene  (Vil). 


\/ 

(V) 


(VI) 


\/ 

(VII) 


From  the  products  of  this  reaction  we  obtained  a  picrate,  which  had  the  same  melting  point  as  the  earlier 
described  plcrate  of  1-cyclohexylnaphthalene  [4jj  the  mixed  melting  point  witli  the  specially  synthesized  plcrate 

of  1-cyclohcxylnaphthalene  was  not  depressed. 


A  mji 


Absorption  spectra  (In  methyl  alcohol) 
of  obtained  hydrocarbon  (I)  and 
benzanthracene  (II). 
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As  a  result,  2-(l-naplithyl)-l,2,3,6-tetrahydrobenzolc  acid 
[the  adduct  of  butadiene  with  1-naphthaleneacryllc  acid  (I)]  when 
reacted  with  phosphorus  pentoxlde  yields  l-(A^-cyclohexenyl)- 
naphthalene  (and  not  benzanthracene  or  3,4-benzofluorene),  cleaving 
carbon  dioxide,  l.e.,  it  behaves  differently  titan  2- phenyl- 1,2,3, 6- 
tetrahydrobenzoic  acid  (adduct  of  butadiene  with  cinnamic  acid), 
which  under  the  same  conditions  is  converted  to  fluorene,  cleaving 
water. 


EXPERIMENTAL 

Preparation  of  adducts  of  dienic  hydrocarbons  with  1-naphthalene- 
acryllc  acid.  2-(l-Naphthyl)-l,2,3,6-tetrahydrobenzolc  acid  (I) 

(not  described  in  the  literature)  was  obtained  by  heating  1- naphthalene- 
acrylic  acid*  (rn.  p.  204-205*;  32.6  g,  0.165  mole)  with  excess 
butadiene  (50  ml,  0.7  mole)  in  benzene  (25  ml),  in  the  presence  of 
hydroquinone  (l  g).  In  an  autoclave  at  140-150*  for  30  hours.  The 
isolated  precipitate  (16  g),  representing  a  mixture  of  starting  acid  and 
formed  adduct,  was  extracted  with  Ught  benzine  to  remove  tiie  adduct. 
The  solvents  were  distilled  from  the  combined  benzene  and  benzine 
solutions,  while  the  residue  was  treated  with  2  N  sodium  carbonate 
solution.  The  sodium  carbonate  solution  was  acidified  with  2  N  hydro¬ 
chloric  acid,  and  the  precipitated  adduct  was  recrystallized  from  light 
benzine;  m.  p.  113*  (yield  10.5  g,  27yo).  Judging  from  tlie  analysis, 
the  compound  was  contaminated  with  starting  1-naphthaleneacryllc 
acid.  *• 


Found  <70;  C  80.10,  80.08;  H  6.30,  6.43.  CjtHijOj. 
Calculated  *70 X  C  80.92;  H  6.39. 

4,5-  Dimethyl- 2- (1- napltthy l)- 1 ,2,3,6- tetrahydrobenzolc  acid 
(II)  (not  described  In  the  literature)  was  obtained  by  heating  1- 
naphthaleneacryllc  acid  (16.5  g,  0.083  mole)  with  2,3-dlmethyl- 
butadiene  (10  g,  0.12  mole)  In  xylene  (100  ml).  In  the  presence  of 


l-Naphtlialeneacryllc  acid  was  prepared  by  the  hydrolysis  of  Its  ethyl  ester,  which  was  obtained  by  die  con¬ 
densation  (in  the  presence  of  sodium)  of  1-naphthaldehyde  with  ethyl  acetate  [5]. 

**  The  adduct  of  butadiene  with  cinnamic  acid  could  also  not  be  obtained  completely  free  of  cinnamic  acid  [1]. 
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hydroqulnonc  (1  g),  in  an  autoclave  at  170-180*  for  14  hours.  The  xylene  was  removed  by  vacuum- distillation, 
while  the  residue  was  dissolved  in  edier  and  then  extracted  with  5%  sodium  carbonate  solution.  Acidification 
of  tlie  sodium  carbonate  solution  wiili  2  N  hydrochloric  acid  gave  a  precipitate  of  tlie  acid  (12.5  g,  bS'yo),  which 
after  sublimation  and  recrystalllzation  from  light  benzine  melted  at  156-158*. 

Found  C  81.71,  81.73i  H  7.18,  7.13.  C19H20O2.  Calculated  C  81.65»  H  6.85. 

Reaction  of  2-(l-naphthyl)-l,2,3,6-tetrahydtobenzoic  acid  witli  phosphonis  pentoxlde.  Into  a  Wurtz  flask, 
fitted  with  a  short  air  condenser  and  receiver,  was  charged  ilic  butadiene—  i- naplithaleneacrylic  adduct  *  (1) 

(5.7  g,  0.022  mole)  and  pliosphorus  penioxide  (4.7  g,  0.022  mole);  die  reaction  mixture  was  heated  gradually 
in  vacuo  (10  mm),  in  which  connection  the  reaction  product  was  distilled  off  as  fast  as  it  was  formed.  The 
obtained  hydrocarbon  (2.95  g,  61 ‘^o)  was  recrystallized  from  butyl  alcohol,  then  dissolved  in  benzene,  and  the 
dark  benzene  solution  was  passed  dirough  a  column  filled  with  aluminum  oxide.  After  distilling  off  the  benzene, 
the  residue  was  purified  first  by  sublimation,  and  then  by  recrystallization  from  alcohol.  The  isolated  1-  (A^- 
cyclohexcnyOnapluhalene  melted  at  72*;  plcrate,  m.  p.  110*  (from  alcohol).  Treatment  of  die  compound  widi 
a  10 ‘yp  solution  of  bromine  in  acetic  acid  [4j  gave  die  dibromlde  with  m.  p.  173*  (from  alcohol).  The  literature 
data  for  the  other  two  possible  reaction  products,  namely  benzanthracene  and  3,4-benzofluorene,  and  their  de¬ 
rivatives  (picrate  and  dibromlde),  are  given  above.  Tlie  mixed  melting  point  of  die  obtained  l-(  A^-cyclo- 
hexenyOiiaphthalene  (m.  p.  72*)  widi  benzandiracene  (m.  p.  81*),  and  also  the  mixed  melting  point  of  their 
plcratcs  (m,  p.  173*  and  174*,  respectively),  were  both  depressed  (the  mixed  melting  point  of  die  two  hydro¬ 
carbons  was  58-59*,  while  die  mixed  melting  point  of  die  two  plcrates  was  81-82*). 

A  mixture  of  0.4  g  of  l-(A*-cyclohexenyl)naphdialene  (V)  and  0.4  g  of  selenium  was  heated  for  24  hours 
in  a  metal  bath  at  300-320*.  The  reaction  product  was  extracted  widi  alcohol,  and  die  addition  of  an  alcohol 
solution  of  picric  acid  to  die  extract  gave  a  picrate  widi  m.  p.  123*;  the  mixed  melting  point  of  diis  picrate  with 
the  picrate  of  1-cyclohexylnaphdialene,  obtained  by  counter  synthesis,**  vras  not  depressed. 


SUMMARY 

1.  We  were  the  first  to  investigate  1-naphthaleneacrylic  acid  as  a  dienophlle  in  the  diene  synthesis;  its 
adducts  with  butadiene  and  2,3-dimediyl- 1,3-butadiene  were  obtained. 

2.  It  was  shown  that  2-(l-naphthyl)-l,2,3,6-tetrahydrobcnzoic  acid  (adduct  of  butadiene  with  1-naphthyl- 
acryllc  acid)  cleaves  carbon  dioxide  when  reacted  widi  phosphorus  pentachloride  and  yields  l-(  A^-cyclohexenyl)- 
naphthalene,  i.e.,  it  behaves  differently  dian  die  structurally  analogous  2-phenyl-l,2,3,6-tetrahydrobenzoic  acid 
(adduct  of  butadiene  with  cinnamic  acid),  which  under  die  same  conditions  cleaves  water  and  is  converted  to 
fluorene. 
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*  Tnc  adduct  was  contaminated  widi  1- naplithaleneacrylic  acid,  but  as  a  special  experiment  revealed,  all  of 
die  1-naphthaleneacryllc  acid  is  converted  to  a  tar  when  reacted  widi  phosphorus  pentachloride  under  the  con¬ 
ditions  employed  by  us. 

**  Reaction  of  cyclohexanone  wlrlx  1-naphdiylmagneslum  bromide  gave  l-(A*-cyclohexenyl)naphthalene  [4], 
wlilch  was  then  heated  with  selenium  for  24  hours  at  300-320*.  Hie  reaction  product  was  extracted  with  alcohol, 
and  dien  an  alcohol  solution  of  picric  acid  was  added  to  it.  The  obtained  1-cyclohexylnaphthalene  picrate 
melted  at  123*,  which  agrees  widi  the  literature  [4j. 
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XIII.  SYNTHESIS  OF  FLUORENES  FROM  ADDUCTS  OF  1,2-INDENEDICARBOXYLIC  ANHYDRIDE 
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Translated  from:  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp.  50-54,  January,  1960 
Original  article  submitted  January  22,  1959 


In  previous  papers  we  investigated  the  action  of  phosphorus  pentoxide  on  the  adducts  of  diene  hydrocarbons 
with  the  cyclic  analogs  of  maleic  anhydride  (1,2-A^-cyclohexenedlcarboxylic  and  1,2-A^-cyclopentenedicarboxylic 
anhydrides),  leading  to  the  formation  of  hydrocarbons  of  the  tetralin  [1]  and  indan  [2]  series.  In  the  present  paper 
we  studied  die  behavior  of  die  adducts  of  dienic  hydrocarbons  with  1,2-indenedicatboxyIic  anhydride  in  the  same 
reaction,  in  ^v^lich  connection  we  were  the  first  to  use  the  latter  compound  as  a  dienophile  in  the  diene  synthesis 
reaction.  The  starting  material  used  to  obtain  diis  dienoj^ile  was  the  ethyl  ester  of  hydrocinnamic  acid,  from 
which  through  the  intermediate  stage  of  synthesizing  diediyl  1,2- indenedicarboxy late  (I)  *  we  obtained  1,2- 
indenedicarboxylic  acid  (II),  and  dien  the  anhydride  (III). 


— CII2CH2COOC2H5 


(COOCjH,), 

-C,lU01l’ 


CO— COOC2H5 
l^J-CHz-CII— COOC2H5 


- r-COOCaHs 

^^Lc00C2H5 
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(HCl)^  r,— COOH  ^ 

(ID 


(III) 
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The  reaction  of  1,2-indenedicatboxylic  anhydride  (III)  with  2,3- dimethyl- 1,3- butadiene  (heating  in  an 
autoclave  at  120*  for  30  hours)  and  with  l,l*-bicyclohexenyl  (refluxing  in  xylene  solution  for  40  hours)  gave 
2,3-dimethyl-l,4,10,ll-tetrahydro-10,ll-fluorenedicarboxylic  anhydride  (IV)  and  l,2,3,4-dicyclohexano-l,4, 
10,ll-tetrahydro-10,ll-fluorenedicarboxylic  anhydride  (V)  in  84  and  61.5^o  yield,  respectively. 


*  To  obtain  dletliyl  1,2- indenedicarboxy  late  (I)  we  worked  out  a  method  in  which  ethyl  hydrocinnamate  was  con¬ 
densed  witli  dletliyl  oxalate,  followed  by  cyclizatlon  of  the  reaction  product  using  concentrated  sulfuric  acid  (tlie 
preparation  of  diethyl  indenedlcarboxylate  is  mentioned  in  [3],  but  tlie  reaction  conditions  and  tlie  yield  are  not 
given). 
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The  behavior  of  the  adducts  of  l,2-ltideiiedli;arboxyllc  anhydride  when  reacted  with  phosphorus  pemoxlde 
proved  to  be  similar  to  the  beliavior  of  the  adducts  of  1 ,2-A^-cyclohexcnedicarboxylic  and  1,2-A^-cyclopentene- 
dlcarboxyllc  anhydrides  In  the  same  reaction:  die  reaction  went  wltli  the  evolution  of  carbon  monoxide  and  led 
to  the  formation  of  the  corresponding,  aromatic  hydrocarbons,  namely  fluorenes.  The  heatlnj’  of  adducts  (IV)  and 
(V)  with  phosptiorus  pcntoxlde  gave  2,3-dlmediylfIuorene  (VI)  and  1,2,3,'l-dlcyclohexanofluorene  (VII),  respectlvelyj 
die  latter  was  Identified  by  Its  conversion  to  1, 2,3,4- dlbenzofluorene  (VIll): 


(VI) 


n 

AU) 

U 

(VII) 


Sc 


(VIIT) 


The  isolated  hydrocarbons  proved  to  be  identical  with  the  fluorenes  that  we  had  obtained  earlier  by  a 
different  type  of  reaction,  namely,  by  die  action  of  phosphorus  pentoxide  on  the  adducts  formed  from  2,3- 
dimethylbutadiene  and  l,l’-bicyclohexenyl  with  cinnamic  acid,  which  went  without  the  evolution  of  carbon 
monoxide  [4], 


EXPERIMENTAL 

Synthesis  of  1,2-lndenedicarboxylic  anhydride,  a)  Diethyl  1,2-indenedlcarboxylate  (I).  Diethyl  oxalate 
(115  g)  was  added  to  18.2  g  of  sodium  in  350  ml  of  absolute  edier}  dien  ethyl  hydrocinnamate  (140  g,  b.  p. 

124*  at  12  mmj  obtained  by  die  esterification  of  hydrocinnamic  acid  *  in  the  presence  of  sulfuric  acid;  literature 
dau  [5];  b.  p,  110-112*  at  8  mm)  was  added  dropwise  in  1.5  hours.  After  vigorous  reaction  had  ceased,  the 
mixture  was  allov/ed  to  stand  overnight,  after  which  it  was  cooled  in  ice  and  decomposed  with  dilute  sulfuric  acid 
(50  ml  of  concentrated  sulfuric  acid  in  500  ml  of  w'ater),  cooled  to  0*,  until  the  ether  layer  became  colorless 
(the  decomposition  was  stopped  when  die  dark  red  edier  solution  became  light  yellow).  The  edier  layer  was 
W'ashed  with  water,  dried  over  sodium  sulfate,  and  the  ether  distilled  off  (in  vacuo)|  the  residue  was  poured  into 
1200  ml  of  concentrated  sulfuric  acid  (cooled  to  —  5*)  at  such  a  rate  that  the  temperature  of  the  reaction  mass 
did  not  exceed  5-10*.  After  standing  in  the  cold  for  2  hours,  die  reaction  mixture  was  poured  In  small  portions 
over  ice  (3  kg)j  die  diethyl  indenedicarboxylate  (I)  deposited  here,  aifd  was  purified  by  recrystalllzatlon  from 
petroleum  edierj  m.  p.  76-77*.  The  yield  was  68  g  (31®7f).  Literature  data  [3]:  m,  p.  78*. 

b)  The  diediyl  indenedicarboxylate  (68  g)  was  refluxed  with  500  ml  of  concentrated  hydrochloric  acid 
for  4  hours;  the  1,2-iiidenedlcarboxylic  acid  (II,  52  g,  97%)  crystallized  from  the  hot  solution,  and  after 
recrystallization  from  water  melted  widi  decomposition  at  215-217*.  Literature  data  [3j:  m.  p.  215*  (decomp.). 

c)  1,2-Indcnedicatboxylic  anhydride  (111)  was  obtained  from  the  Indenedicarboxyllc  acid  (46.5  g)  by 
refluxing  with  acetyl  chloride  (470  ml)  for  10  hours  (until  all  of  the  acid  had  dissolved).  After  distilling  off 
the  acetyl  chloride  (in  vacuo),  tlie  residue  was  recr)'stallized  from  alcohol.  The  anliydride  crystallized  with  one 
molecule  of  alcohol.**  Yield  23.1  g  (43%),  m.  p.  184-185*.  The  compound  Is  new. 


*  Hydrocinnamic  ( fi-phenylproplonic)  acid  was  obtained  in  quantitative  yield  by  the  reduction  of  cinnamic  acid 
with  amalgamated  zinc  In  hydrochloric  acid:  m.  p.  47-48*  (from  water).  Literature  data  [6]:  m.  p.  48*. 

**  Based  on  the  analysis  data,  the  obtained  compound  can  be  assigned  the  structure  of  tlie  monoethyl  ester  of 
1,2-lndenedlcarboxyiic  acid.  However,  die  adducts  of  this  dlenophlle  with  dlmediylbutadlene  and  with 
bicyclohexenyl  proved  to  be  die  anliydrides  of  die  corresponding  acids. 
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Found 'yo:  C  G7.15,  07.28$  H  5.29,  5.34.  CuHgO,  •  CjHcO.  Calcul.itcci  "/o;  C  67.23$  H  5.21. 

Adducts  of  diene  hydrocarbons  wlili  l,2-lndcnedlcarbo.\ylic  anhydride.  Adduct  with  2,3- dimetliyl- 1,3- 
butadiene  (iv).  A  mixture  oi  die  indenedlcarboxylic  anhydride  17  g$  0.038  mole),  dimethylbutadiene  (6.5  g$ 

0.08  mole)  and  hydroquinone  (0.1  g)  was  heated  in  an  autoclave  at  120*  for  30  hours.  The  reaction  mixture 

crystallized  on  standing$  recrystallization  from  a  mixture  of  alcohol  and  ediyl  acetate  gave  8.5  g  (84*70)  of  die 

adduct  —  the  anhydride  of  2,3-dlmethyl-l,4,10,ll-tetrahydro-10,ll-fluorenedicarboxylic  acid  (new  in  die 
llterature)$  m.  p.  118-119*. 

Found  yo:  C  76.24,  76.25$  H  6.13,  6.20.  CiaHjgOa.  Calculated  ^0:  C  76.10$  H  6.01. 

Adduct  with  l,l*-bicyclohcxcnvl  (V).  A  mixture  of  die  indenedicarboxylic  anliydride  (10  g$  0.054  mole) 
and  l,l*-blcyiTohexenyl  (8.8  g$  0.054  mole)  in  10  ml  of  xylene  was  heated  in  the  presence  of  hydroquinone 
(0.1  g)  for  40  hours  at  150*.  The  xylene  was  distilled  off  (in  vacuo),  and  the  solid  residue  was  recrystallized  to 
give  12.7  g  (67. 570)  of  the  adduct  —  the  anliydride  of  l,2,3,4-dicyclohexano-l,4,10,ll-tetrahydro-10,ll- 
fluorenedicarboxylic  acid  (new  in  die  litcrature)$  m.  p.  163-164*  (from  a  mixture  of  alcohol  and  ethyl  acetate). 

Found  7o:  C  79.53,  79.57$  H  6.80,  6.99.  C23H24O3.  Calculated  %:  C  79.28$  H  6.94. 

Action  of  phosphorus  pentoxide  on  adducts  (IV)  and  (V).  Preparation^  of  hydrocarbons  of  fluorene  series. 
2,3-Dime.thylfluorene  (VI).  A  mixture  of  die  adduct  of  2,3-dimediyl- 1,3- butadiene  (5.7  g)  and  phosphorus 
pentoxide  (3  g)  w.as  heated  in  a  Wurtz  flask  in  a  metal  bath  at  160“  for  1  hour$  to  complete  die  reaction,  the 
temperature  of  the  bath  was  dien  raised  to  350*.  When  die  evolution  of  carbon  monoxide  had  ceased,  the  hydro¬ 
carbon  was  distilled  from  die  reaction  mixture  at  195-210*  (13  mm),  after  which  it  was  purified  further  by 
recrystallization  from  alcohol.  We  obtained  3.1  g  (75*yo)  of  2,3-dimethylfluorene  with  m.  p.  123-124*  (from 
alcoliol)$  picrate,  m.  p.  105-106*  (from  alcohol),  literature  data  [4]:  m.  p.  123.5-124.5*$  plcrate,  m.  p. 
105-106*.  The  mixed  melting  point  with  the  2,3-dimediylfluotene  obtained  by  a  counter  synthesis  (action  of 
phosphorus  pentoxide  on  the  adduct  of  die  2,3-dlmediylbutadiene  with  cinnamic  acid)  was  not  depressed$  die 
mixed  melting  point  of  die  picrates  was  also  not  depressed. 

1,2,3,4-Dlcyclohexanofluorene  (Vll).  A  mixture  of  the  l,l*-bicyclohexenyl  adduct  (10  g)  and  phosphorus 
pentoxide  (4.1  g)  was  lieated  In  a  flask  with  "sabers"  in  a  metal  badi,  die  temperature  of  which  was 
raised  (in  4  hours)  from  180  to  320*.  After  die  evolution  of  carbon  monoxide  had  ceased,  die  reaction  product 
was  distilled  at  260-280"  (11  mm).  The  viscous  mass  was  recrystallizcd  from  petroleum  ether  to  give  6  g  il6%) 
of  l,2,3,4-dicyclohexanofluorene$  m.  p,  128-128.5*  (from  eldier  petroleum  edier  or  n-butyl  alcohol).  Literature 
data  [4]:  m.  p.  129-129.5*.  The  mixed  melting  point  widi  the  1, 2,3,4- dicyclohexanofluorene  obtained  by  a 
different  route  (action  of  phosphorus  pentoxide  on  the  adduct  of  l,l*-bicyclohexenyl  widi  cinnamic  acid)  was 
not  depressed. 

1,2,3,4-Dlcyclohexanofluorene  (l  g)  was  heated  with  selenium  (1.2  g)  for  4  hours  at  340-350*.  The  reaction 
mass  was  extracted  widi  boiling  n-butyl  alcohol$  die  solution  on  cooling  deposited  1, 2,3,4- dibenzofluorene  (VI1I$ 
0.4  g$  4170):  m.  p.  158-159*  (from  n-butyl  alcohol)$  picrate,  m.  p.  153-153.5*  (from  n-butyl  alcohol). 

Literature  data  [4j:  m.  p.  159-159.5*$  picrate,  m.  p.  153-154*.  The  mixed  melting  points  widi  both  die  audientic 
dibenzofluorene  and  its  picrate  were  not  depressed. 

SUMMARY 

1.  The  anhydride  of  1,2-lndenedlcarboxylic  acid  was  used  for  die  first  time  as  a  dienophile  in  the  diene 
syndiesis.  Its  adducts  wld)  2,3- dlmediyl- 1,3- butadiene  and  l,l*-bicyclohexenyl  were  syndiesized. 

It  was  shown  diat  the  reaction  between  phosphorus  pentoxide  and  die  adducts  of  1,2- Indenedicarboxylic 
anliydride  with  dlenic  hydrocarbons  (2,3- dimediyl- 1,3- butadiene  and  l,l'-bicycloliexcnyl)  proceeds  with  the 
evolution  of  carbon  monoxide  and  water,  and  leads  to  die  formation  of  hydrocarbons  of  die  fluorene  series  (2,3- 
diniethylfluorene  and  1,2,3,4-dicyclohexanofluorene,  respectively). 
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In  previous  papers  [1]  we  had  investigated  the  action  of  phosphorus  pentoxide  on  tire  anhydrides  of  tetra- 
hydrophiliallc  acids  (adducts  of  diene  hydrocarbons  wltli  maleic  anhydride),  proceeding  with  tire  evolution  of 
carbon  monoxide  and  water  and  leading  to  lire  formation  of  aromatic  hydrocarbons.  Utilization  of  the  adducts 
of  diene  hydrocarbons  witlr  tire  cyclic  analogs  of  maleic  airlrydride,  namely  the  anhydrides  of  1- cyclohexene- 
1, 2-dicatboxylic  and  l-cyclopentene-l,2-dicarboxylic  acids,  made  it  possible  to  use  tlrls  reaction  as  a  method 
for  the  syntliesls  of  hydrocarbons  of  tire  tetralin  [2]  and  indan  [3]  series. 


In  this  paper  we  used  the  anhydride  of  3,4-dihydro-l,2-naphthalenedicarboxylic  acid  (I)  as  the  dienophilej 
the  adducts  of  this  dlenophile  witlr  butadiene  —  tire  airlrydride  of  l,4,9,10,ll,12-hexalrydro-ll,12-phenanthrene- 
dlcarboxylic  acid  (ll),  witlr  Isoprene  —  the  anlrydride  of  3-nieihyl-l,4,9,10,ll,12-hcxahydro-ll,12-phenanthrene- 
dicarboxyllc  acid  (III),  and  witlr  2,3-dimetliyl- 1,3- butadiene  —  the  anhydride  of  2,3-dlmetlryl-l,4,9,10,ll,12- 
hexahydro-ll,12-phenanthrenedicarboxyllc  acid  (IV),  were  obtained  in  yields  of  40,  79.5  and  72%,  respectively. 


We  also  obtained  the  adducts  of  3,4-dihydro-l,2-naphthalenedicarboxyllc  anhydride  with  the  following 
bicyclic  diene  hydrocarbons:  with  l,l*-bicyclohexenyl  -  tire  anlrydride  of  1,2,3,4-dicyclohexano- 1,4, 9,10,11,12- 
hexahydro-ll,12-phenanthrenedfcarboxylic  acid  (V)  (50%  yield),  and  with  l,l*-blcyclopentenyl  —  the  anhydride 
of  l,2,3,4-dicyclopenuno-l,4,9,10,ll,12-hexalrydro-ll,12-phenantlrrenedicarboxyllc  acid  (VI)  (85%  yield). 
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Reaction  between  phosphorus  pentoxide  and  the  butadiene  adduct  (II),  which  was  run  with  a  gradual  elevation 
of  the  temperature  of  the  reaction  mixture  from  200  to  300",  gave  9,10-dihydrophenanthrene  (VII)  in  12^0  yield. 


(HI) 

'  '  — 2CO 

-H,0 


H3C 


(VIII) 


The  heating  (200-320*)  of  the  isoprene  adduct  (III)  with  phosphorus  pentoxide  gave  3-methyI- 9,10-dihydro¬ 
phenanthrene  (VIII)  (69'7o  yield),  which  was  identified  by  its  conversion  to  3- methylphenanthrene  (IX)  when 
heated  with  selenium. 

The  heating  (250-350*)  of  tlie  2,3-dImethyl-l, 3- butadiene  adduct  (IV)  with  phosphorus  pentoxide  for  6 
hours  gave.  Instead  of  the  expected  2,3- dimethyl- 9,10- dlhydropltenanthrene  (X),  only  the  corresponding  de¬ 
hydrogenation  product,  namely  2,3-dimethylphenantlirene  (XI)  (39‘^o  yield);  this  hydrocarbon  is  formed  by  the 
removal  of  the  labile  hydrogen  atoms  in  the  9  and  10  positions  of  the  normal  reaction  product,  namely  2,3- 
dimethyl- 9,10- dlliydrophenanthrene  (X). 


(IV) 


-20? 

—11,0 


1I3G-/W 

H3G-' 


(X) 


H3CYYY 

(XI) 


As  a  result,  a  combination  of  long  heating  and  raising  the  temperature  of  the  reaction  mixture  to  350*  led 
to  the  appearance  of  a  secondary  reaction—  the  dehydrogenation  of  the  normal  reaction  products  (dihydro- 
phenanthrenes). 

Adducts  (V)  and  (VI)  proved  to  be  the  most  stable  to  the  action  of  phosphoms  pentoxide;  their  decom¬ 
position  was  run  at  300-400*  for  10  hours;  however,  the  1,2,3,4-dicyclohexano-  and,  correspondingly,  1, 2,3,4- 
dlcyclopentano-9,10-dihydrophenanthrenes  (or  the  corresponding  phenanthrene  hydrocarbons)  were  not  found  in 
tlie  reaction  products.  Only  the  anltydride  of  1,2-naphthalenedlcarboxylic  acid  (XII)  and  naphthalene  were 
obtained  from  both  adducts.  It  is  possible  to  explain  the  formation  of  these  compounds  in  tlie  following  manners 
at  high  temperature  (300-400*)  the  adducts  decompose  into  starting  diene  (which  is  converted  to  tar  by  the 
phosphorus  pentoxide)  and  dlenophile  —  tlie  anhydride  of  3,4-diliydro-l,2-naphtliaienedicarboxylic  acid  (I); 
tlie  latter  is  converted  (by  reactions  of  tlie  irreversible  catalysis  type)  into  a  mixture  of  1,2-naphthalene- 
dicarboxylic  anliydrlde  (XII),  not  changing  furtlier  and  appearing  as  one  of  the  reaction  products,  and  1,2,3,4- 
tetrahydro-l,2-naphtlialenedicarboxyllc  anhydride  (XllI),  which  under  the  Influence  of  phosphorus  pentoxide 
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undergoes  tire  usual  aromatlzailon  reaction,  cleaving  carbon  monoxide  and  water  and  suffering  change  to 
naphthalene  (second  reaction  product). 


In  a  control  experiment  tlie  heating  of  3,4-diliydro-l,2-naphthalenedlcarboxyllc  anliydrlde  (T)  with  an 
equimolar  amount  of  phosphorus  pentoxide  at  3G0*  gave  tlie  same  reaction  products,  namely  1,2-naphthalene- 
dlcarboxylic  anltydride  (XII)  and  naphtlialene  (XIV). 


EXPERIMENTAL 

Preparation  of  adducts  of  diene  hydrocarbons  with  the  anhydride  of  3,4-dihydro-l,2-naphthalenedlcarboxyIlc 
acid.  Butadiene  adduct  (ll).  A  mixture  of  butadiene  (141  ml;  1.58  moles)  and  3,4-diliydro- 1,2- naphtlialene - 
dlcarboxylic  anhydride  (l)  (50  gj  0.26  molej  m.  p.  124-125*j  obtained  by  the  condensation  of  ethyl  y -phenyl- 
butyrate  wltli  diethyl  oxalate  and  subsequent  cycllzatlon  of  the  condensation  product  [4j)  was  heated  for  80  hours. 

In  the  presence  of  hydroquinone  (0,2  g).  In  an  autoclave  at  100-120*.  The  obtained  oily  reaction  product  was 
vacuum-distilled.  Here  we  isolated  l,4,9,10,ll,12-hexahydro-ll,12-phenanthrenedicarboxylic  anhydride  (II, 

25  g,  A(flo,  b.  p,  160-170*  at  1  mm),  which  crystallized  when  placed  in  tlie  refrigerator  and  had  m.  p.  82-83*j 
after  recrystalllzatlon  from  a  mixture  of  benzene  and  ligroine,  m.  p.  83-84*.  Literature  data  [5]:  m.  p.  83.5 
to  84*. 

Isoprenc  adduct  (III).  A  mixture  of  the  dhiydronaphthalenedicarboxyllc  anliydrlde  (15  gj  0.075  mole), 
Isoprene  (15  ml}  0.15  mole;  b.  p.  32.5  at  745  mm)  and  hydroquinone  (0.1  g)  was  heated  in  an  autoclave  at 
160-170*  for  30  hours.  Vacuum-distillation  of  tlie  reaction  mass  gave  a  fraction  wltli  b.  p.  200-220*  (10  mm), 
which  slowly  crystallized  when  placed  in  tlie  refrigerator.  Recrystallization  from  anhydrous  alcohol  gave  3- methyl- 
1,4, 9,10, 11, 12-hexahydro-ll,12-phenanthrenedIcarboxylic  anhydride  (III),  16  g  (79.5%),  m.  p.  141-141.5*, 
not  reported  in  the  literature. 

Found  %:  C  76.26,  76.30}  H  6.14,  6.15,  CiyHisOg.  Calculated  %;  C  76.10;  H  6.01. 

2,3-Dlmethyl-l,3-butadlene  adduct  (IV).  A  mixture  of  tlie  dihydronaphthalenedicarboxylic  anhydride 
(22  gi  0.11  mole)  and  2,3-dimcthyl-l,3-butacliene  (20  g}  0.2^1  mole;  b.  p.  67-68*  at  754  mm)  was  heated 
in  die  presence  of  hydroquinone  (0.1  g)  for  30  hours  in  an  autoclave  at  100-120*.  Vacuum-disdllation  of  the 
reaction  product  gave  a  fraction  widi  b.  p.  180-200*  (2  mni),  wliich  slowly  crystallized  on  standing  and  was 
2,3-dimethyl-l, 4, 9,10,11, 12-hexahydro-ll,12-phenanthrenedicarboxylic  anhydride  (IV),  22.4  g  (72%),  m.  p. 
76-77*  (from  petroleum  etlier).  Literature  data  [6J;  m,  p.  76-77*. 

l,l*-Bicyclohexenyl  adduct  (V).  A  mixture  of  die  diltydronaphthalenedicarboxylic  anhydride  (13.2  g; 

0.066  mole),  l,l*-bicycloliexenyl  (10.7  g;  0.066  mole;  b.  p.  123-124*  at  15  mm;  n^D  1.5320  [7])  and 
hydroquinone  (0.1  g)  was  heated  in  10  ml  of  xylene,  wldi  mechanical  stirring,  for  35  hours.  The  1, 2,3,4- 
dlcyclohexano-l,4,9,10,ll,12-hexahydro-ll,12-phenandireiun!lcarboxyllc  anliydrlde  (V,  12  g,  50%,  not  reported 
in  die  literature)  diat  deposited  when  die  reaction  mixture  was  cooled  had  m.  p.  186-187*  (from  a  mixture  of 
alcohol  and  xylene). 
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Found -70;  C  79.60,  79.72;  H  7.23,  7.40.  C;^H2503.  Calculated  *70:  C  79.52;  H  7.23. 

l,l*-Bicyclopciiienyl  adduct  (Vl)  was  obtained  In  die  same  manner  as  the  l,l*-blcyclohexenyl  adduct. 

From  16  g  of  die  diliydronaplulialenedicarboxyllc  anhydride  and  10  g  of  l,l*-blcyclopentenyl  (b.  p.  81-82*  at 
10  mm,  n®D  1.5235  [8j)  we  obtained  21.2  g  (SSTto)  of  1,2,3,4-dlcyclopentano- l,4,9,10,ll,12-hexahydro-ll,12- 
phenandlrenedlcarboxylic  anhydride  (VI),  not  reported  in  die  literature,  m.  p.  164-165*  (from  a  mixture  of  alcohol 
and  xylene). 

Found  <7):  C  79.06,  78.93;  H  6.68,  6.65.  C22H2203*  Calculated  <7o;  C  79.01;  H  6.63. 

Action  of  phosphorus  pcntoxlde  on  the  adducts  of  diene  hydrocarbons  with  the  anhydride  of  3,4-dlliydro- 

l, 2-napluhalenedicarboxylic  acid.  The  adducts  of  butadiene  and  its  homologs  (II—  IV )  were  heated  with  an 
equimolar  amount  of  phosplionis  pentoxide  In  a  metal  badi,  the  temperature  of  which  was  gradually  raised  from 
200  to  300*  (for  adduct  II)  and  from  320  to  350*  (for  adducts  III  and  IV).  After  the  evolution  of  gas  had  ceased 
the  reaction  product  was  vacuum-distilled,  after  which  it  was  dissolved  in  petroleum  ether,  heated  with  20'ya  NaOrt 
solution  (to  remove  traces  of  starting  adduct),  washed  with  water,  dried  over  calcium  chloride,  and  after  distilling 
off  tlie  petroleum  eilier  the  product  was  vacuum-distilled  again. 

a)  From  the  butadiene  adduct  (II;  15  g)  we  obtained  a  fracuon  with  b.  p.  230-250*  (1  mm),  which  crystallized 
on  standing  in  the  refrigerator.  The  9,10-dlhydrophenanthrene  (VII)  Isolated  in  this  manner  (7.7  g,  72<7o)  had 

m.  p.  33-34.5*  (from  methyl  alcohol).  Literature  data  [9]:  m.  p.  35*. 

9,10-Dihydtophenanthrene  was  identified  by  its  dehydrogenation  to  phenanthrene,  and  this  was  accomplished 
by  heating  it  \%'ith  sulfur  for  8  hours  at  210-220*.  The  obtained  phenanthrene  was  vacuum-sublimed,  m.  p,  98-99*; 
picrate,  m.  p.  144-144.5*  (from  alcohol).  The  mixed  melting  points  with  authentic  phenanthrene  and  its  plcrate 
were  not  depressed.  Literature  data  [lOj;  m,  p.  100*;  plcrate,  m.  p.  145*. 

b)  From  the  Isoprene  adduct  (III,  8  g)  we  obtained  3- methyl- 9,10-dlhydrophenanthrene  (VIII);  4  g  (69‘7o). 

B.  p.  167-168*  (9  mm);  n^D  1.6309;  d^^  1.0663,  MRq  64.89.  Calculated;  MR^  62.07; 

EMj)  2.82. 

Found  To:  C  92.47,  92.45;  H  7.73,  7.62.  Calculated ‘7o;  C  92.74;  H  7.26. 

Analysis  of  the  gas  evolved  during  reaction  revealed  that,  besides  carbon  monoxide,  it  also  contained  a 
small  amount  of  carbon  dioxide  (CO  91.4‘7:’,  COj  8.6^70),  the  formation  of  which  must  be  explained  by  the 
partial  decarboxylation  of  the  surtlng  adduct  (III)  to  3- methyl-1,4, 9,10,11,12-hexahydrophenanthrene.  Judging 
from  the  analysis,  traces  of  this  hexahydrophenanthrene  were  present  in  the  3-methyl-9,10-dihydrophenanthrene 
obulned  by  us. 


The  obtained  hydrocarbon  (1.9  g)  was  heated  with  selenium  (1  g)  for  4  hours  at  310-  320*.  The  dehydro¬ 
genation  product  was  vacuum- distilled  (at  12  mm),  and  after  recrystallization  from  alcohol  we  obtained  3- 
methylphenanthrene  (1.4  g)  with  m.  p.  62-63*;  plcrate,  m.  p.  139-140.5*  (from  alcohol). 


Literature  data  [11];  m,  p.  65*;  plcrate,  m.  p.  141*  (literature  dau  for  2- methylphenanthrene  [12]; 
m*  p,  55-56*;  plcrate,  m.  p,  118-119*). 

c)  From  the  2,3-dimethyl- 1,3- butadiene  adduct  (FV;  11  g)  we  obtained  2,3-dlmethylphenanthrene  (XI), 
3.1  g  (39-70). 


B.  p.  190-193*  (15  mm);  m.  p.  79-80*  (from  alcohol). 


Found  Ti*:  C  93.05,  93.03;  H  7.09,  7.15.  Calculated -7o:  C  93.13;  H  6.87. 

Picrate,  m.  p.  145-146*  (from  alcohol). 

Literature  data  [5];  m.  p.  78-78.5*;  picrate,  m.  p.  146-147*. 
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(1,  8  g)  was  heated  wiili  phosphorus  pentoxide  (5.4  g)  in  a  metal  bath,  tlie  temperature  of  which  was  raised  In  3 
hours  from  290  to  300*.  After  evolution  of  tlie  gas  containing  carbon  monoxide,  carbon  dioxide,  hydrogen  and 
unsaturated  hydrocarbons,  had  ceased,  the  reaction  products  were  vacuum-sublimed.  Here  we  isolated  0.3  g  of 
naphthalene  and  2  g  of  1,2-naphthalenedicarboxylic  anliydride. 

SUMMARY 

1.  The  action  of  phosphorus  pentoxide  at  200-320*  on  tlie  adducts  of  3, 4- dihydro- 1,2-naphthalenedicarboxylic 
anliydride  witli  butadiene  and  isoprene  leads  to  die  formation  of  9,10-diliydrophenandirene  and  3-meUiyl-9,10- 
dihydrophenanthrene. 

2.  The  action  of  phosphorus  pentoxide  at  200-350*  on  die  adduct  of  3, 4- dihydro- 1,2-naphthalenedi¬ 
carboxylic  anhydride  widi  2,3- dimediyl- 1,3- butadiene  proceeds  widi  the  further  dehydrogenation  of  die  normal 
reaction  product  (2,3-dimethyl- 9,10- dihydrophenanthrene)  and  die  formation  of  2,3-dimediylphenanditene. 

3.  The  studied  reaction  can  be  recommended  as  a  method  for  the  syndiesis  of  dUiydrophenandirenes  (and 
of  phenanthrenes  by  the  subsequent  dehydrogenation  of  die  diliydrophenandirenes)  with  alkyl  substituents. 


A  mixture  of  6  g  of  adduct  (IV),  9.5  g  of  KOH  and  10  ml  of  water  was  heated  until  die  solid  K-salt  formed, 
after  which,  by  careful  heating,  the  mixture  of  water  and  decarboxylation  product  was  distilled  off.  The  aqueous 
layer  was  extracted  with  ether;  die  edier  extract  was  dried  over  calcium  chloride,  the  ether  distilled  off,  and 
die  residue  was  vacuum- distilled.  The  obtained  hydrocarbon  fraction  (2.1  g;  b.  p.  150-165*  at  11  nini)  was 
heated  widi  selenium  (3  g)  for  5  hours  at  340*.  The  reaction  mass  w’as  extracted  widi  boiling  alcohol;  the 
alcohol  solution  on  cooling  deposited  2,3-diinediylphenandirene  (1  g):  ni.  p.  78-79*;  picrate,  ni.  p.  145-146* 
(from  alcohol). 

**  Heating  4  g  of  die  dihydronaphdialenedicarboxylic  anhydride  with  0.7  g  of  sulfur  at  230-240*  for  1.5  hours, 
followed  by  vacuum-distillation  of  the  dehydrogenation  product,  gave  2.5  g  (63%)  of  1,2-naphthalenedicarboxylic 
anhydride,  ni.  p.  167-167.5*  (from  a  mixture  of  benzene  and  ligroine).  Iniide  (obtained  in  quantitative  yield), 
m.  p.  224*. 
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4.  nic  limits  within  wlilch  tlie  aromatl?’.ailon  reaction  (under  the  Influence  of  phosphorus  pentoxlde)  applies 
to  the  adducts  of  diene  hydrocarbons  with  the  cyclic  analogs  of  maleic  anhydride  were  determined. 

5.  Tlie  adducts  of  3,4-dlhydro-l,2-naplttlialenedlcarboxylic  anhydride  witlt  isoprenc,  l,l*-blcyclohexenyl 
and  l,l*-bicyclopentenyl  are  new  compounds. 
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JOINT  POLYMERIZATION  OF  H  EX  A  F  LU  O  ROB  U  T  A  DI E  N  E  WITH 
DIENE  COMPOUNDS  IN  SOLUTION 

A.  L.  Klebanskli  and  O.  A.  Timofeev 

Translated  from;  Zhurnal  Obshchei  Khimil,  Vol.  30,  No,  1,  pp.  60-67,  January,  1960 
Original  article  submitted  August  9,  1968 


To  determine  the  reactivity  of  hexafluorobutadiene  when  compared  with  other  dienic  compounds  it  seemed 
of  interest  to  study  its  joint  polymerization  with  a  number  of  the  more  common  diene  compounds.  As  our  topic 
of  study  we  selected  the  joint  polymerization  of  hexafluorobutadiene  with  chloroprene,  fluoroprene  and  isoprcne. 
Determination  of  tlie  joint  polymerization  constants  permits  establishing  the  relationsliip  between  the  structure  of 
tlie  enumerated  diene  compounds  and  tlie  influence  of  substituents  on  the  reactivity,  and  it  also  permits  comparing 
tlie  relative  activities  in  a  series  of  monomers  and  radicals.  In  addition,  a  study  of  the  process  of  the  joint  poly¬ 
merization  of  these  systems  of  monomers  could  have  definite  practical  interest  for  elucidating  the  influence 
exerted  by  hexafluorobutadiene  on  the  change  in  the  properties  of  the  enumerated  diene  compounds  when  it  is 
present  as  one  of  tlie  components  of  the  copolymer. 

EXPERIMENTAL 

Experimental  procedure.  The  polymerizations  were  run  in  8  ml  graduated  glass  ampuls  (scale  of  division 
0.05  ml).  The  calculated  amount  of  solvent  was  charged  into  a  weighed  ampul,  the  ampul  was  weighed,  then 
the  calculated  amount  of  initiator  solution  w-as  added  from  a  microburet,  after  which  tlie  ampul  was  cooled  in  a 
Dewar  flask  to  —  20*,  and  weighed  again.  Then  the  ampul  was  connected  to  tlie  vacuum  setup  shown  in  Fig.  1, 
and  die  calculated  amount  of  monomer  was  charged  into  it  from  die  receptacle  containing  eidier  chloroprene, 
fluoroprene  or  isoprene,  each  freshly  distilled  in  a  stream  of  pure  nitrogen;  after  this  the  ampul  was  disconnected, 
weighed,  and  again  connected  to  the  vacuum  setup,  togetiier  with  the  receptacle  containing  die  hexafluorobutadiene, 
after  which  the  ampul  was  cooled  in  a  transparent  Dewar  flask  and  the  calculated  amount  of  hexafluorobutadiene 
was  distilled  into  it.  Before  charging  the  monomers  into  the  ampul,  the  system  was  evacuated  and  filled  with 
oxygen- free  nitrogen  tliree  times  in  succession.  When  all  of  the  ingredients  had  been  loaded  into  die  ampul,  it 
was  weighed  again,  scaled  in  a  dry  ice  bath,  and  placed  in  a  water  thermostat,  in  which  the  temperature  was 
niaiiitained  constant  to  i  0.15".  The  dilatometric  mediod  was  employed  to  control  the  process,  for  which 
purpose  calibration  curves,  based  on  experimenul  data,  were  constructed  in  advance. 

To  determine  die  composition,  die  ampul  was  cooled,  opened,  the  copolymer  precipitated  with  methanol, 
purified  from  impurities,  and  dried  to  constant  weight.  The  chloroprene  —  hexafluorobutadiene  copolymers  were 
analyzed  for  both  chlorine  and  fluorine.  The  fluoroprene  —  hexafluorobutadiene  copolymers  were  analyzed  for 
fluorine,  carbon  and  hydrogen  [1]. 

Copolymerization  of  chloroprene  with  hexafluorobutadiene.  The  influence  of  the  main  variables  on  die 
rate  of  die  joint  polymerization  process  and  on  die  composition  of  tlie  copolymers  formed  was  determined. 

Influence  of  the  nature  of  the  solvent.  As  can  be  seen  from  Fig.  2,  the  joint  polymerization  process 
proceeds  most  rapidly  in  polar  solvents  like  chloroform  and  chlorobenzene.  On  this  basis  it  is  possible  to 
conclude  that  polar  solvents  facilitate  a  better  orientation  of  the  molecules,  which  apparently  accelerates  tlie 
joint  polymerization  process. 
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Infliience  of  the  solvent  concentration.  As  can  be  seen  from  Fig.  3,  the  concentration  of  the  solvent 
(benzene)  exerts  some  Influence  on  the  rate  of  the  process.  The  rate  of  the  process  decreases  as  the  concentra¬ 
tion  Is  Increased. 


Fig.  1.  Scheme  for  loading  monomers 
Into  ampul  for  polymerization,  l)  Ampulj 
2)  transparent  Dewar  flaskj  3)  receptacle 
for  monomers  (chloroprene,  Isoprene, 
fluoroprene)|  4)  graduated  ampul  con¬ 
taining  hexafluorobutadienej  5)  connection 
to  manometer;  6)  tube  for  nitrogen  from 
purification  system;  7)  to  vacuum  pump; 

8)  stopcocks  for  connecting  or  disconnecting 
different  portions  of  the  system  during  loading. 


Fig.  2.  Relation  between  the  rate  of 
the  process  and  the  nature  of  the 
solvent.  Initiator;  isopropylbenzene 
hydroperoxide  (0.6  mole  ‘^); 
monomer :  solvent  ratio  =  1:1; 
starting  mole  ratio  chloroprene  t 
:hexafluorobutadiene  =  7.5  : 2.5; 
temperature  50*.  1)  Benzene; 

2)  carbon  tetrachloride;  3)  chloro¬ 
benzene;  4)  chloroform. 


Fig.  3.  Relation  between  the  rate  of  the 
process  and  the  solvent  concentration. 
Mole  ratio  chloroprene  thexafluoro- 
butadiene  =  7.5  ;  2.5;  initiator:  iso¬ 
propylbenzene  hydroperoxide  (0.6 
mole  <70);  solvent;  benzene;  tem¬ 
perature  50*.  Monomer;  solvent 
ratio;  1)  1:1;  2)  1:2;  3)  1;3. 


Fig.  4.  Relation  between  the  rate  of 
the  process  and  the  nature  of  the 
initiator.  Monomer :  benzene  ratio 
=  1:1;  temperature  50*;  initiator 
(0.6  mole ‘Vo);  l)  bopropylbenzenc 
hydroperoxide;  2)  tert-butylcumene 
hydroperoxide;  3)  azoblslsobutyro- 
nitiile;  4)  benzoyl  peroxide. 


Influence  of  the  nature  of  the  initiator.  As  initiators,  we  tested  isopropylbenzene  hydroperoxide,  tert- 
butylcumene  hydroperoxide,  azobisisobutyronitrlle  and  benzoyl  peroxide  (0.6  mole  %  based  on  tlie  monomers). 
As  can  be  seen  from  Fig.  4,  the  most  effective  initiators  are  benzoyl  peroxide  and  azobisisobutyronitrlle. 
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Influence  of  ratio  of  monomers  In  starling  mixture  on  Uie  rate  of  the  joint  polymerization  process  and  the 
cornpositloii  of  t!ie  copolymers.  The  following  molar  ratios  of  chloroprene  to  hexafluorobutadiene  in  tire  starting 
mixture  were  examined:  7.5  :2.5,  5.0  :5.0,  and  2.6  :7.5.  From  Fig.  5  It  can  be  seen  that  the  joint  polymeriza¬ 
tion  rate  depends  on  tlie  starting  ratio  of  tlie  monomers.  The  rate  of  the  process  decreases  as  tlie  amount  of 
hexafluorobutadiene  in  the  starting  mixture  is  increased.  The  starting  ratio  of  the  monomers  also  exerts  an  in¬ 
fluence  on  the  composition  of  the  copolymers  formed.  The  greater  the  amount  of  hexafluorobutadiene  in  the 
starting  mixture  of  monomers,  the  greater  Is  its  amount  in  the  copolymer  (Fig.  6). 


Time  in  hours 

Fig.  5.  Relation  between  die  rate  of  the  pro¬ 
cess  and  the  starting  ratio  of  monomers. 
Monomer :  benzene  ratio  =  1  :  1|  temperature 
50*;  initiator;  isopropylbenzene  hydroperoxide 
(0.6  mole '’/o),  Chloroprene  ; hexafluorobutadiene 
ratio:  l)  2.5;7.6;  2)  5.0:5.0;  3)  7.6;2.5. 


Fig.  6.  Change  in  die  composition  of  die 
copolymer  during  joint  polymerization  as  a 
function  of  die  starting  ratio  of  the  monomers. 
Chloroprene ; hexafluorobutadiene  ratio: 

1)  2.5;  7.5;  2)  5.0: 5.0;  3)  7.5: 2.5. 


Influence  of  the  polymerization  temperature  on  the  rate  of  die  process  and  die  composition  of  die  copoly- 
niers.  As  can  be  seen  from  Fig.  7,  the  rate  of  die  process  depends  on  die  temperature.  The  rate  increases  as 
die  tempera  lure  is  increased.  As  can  be  seen  from  Fig.  8,  the  temperature  exerts  a  slight  influence  on  die  com¬ 
position  of  the  copolymer  formed. 


Time  in  hours 


Fig.  7.  Relation  between  die  rate  of  the 
process  and  the  polymerization  temperature. 
1)  40*;  2)  50*;  3)  60*. 


M 

0) 


Fig.  8.  Change  in  the  composition  of  die 
copolymer  during  the  process  as  a  function  of 
die  polymerization  temperature,  l)  40*| 

2)  50*;  3)  60*. 


The  constants  for  the  joint  polymerization  of  chloroprene  and  hexafluorobutadiene  were  calculated  using 
the  general  Integral  equation  for  die  composition  [2J  (Fig.  9),  and  we  also  calculated  die  probability  of  the 
amounts  of  the  different  types  of  bonds  present  in  the  copolymer  and  the  distribution  of  the  average  lengdis  of 
the  units  [3].  In  the  main,  a  coupling  of  die  Isoprene  units  with  each  other  is  observed  when  the  mixture  of 
copolymers  contains  a  small  amount  of  hexafluorobtiiadlene.  The  polymer  chains  are  built  from  chloroprene 
units,  and  die  hexafluorobutadiene  units  couple  widi  each  only  when  the  extent  of  polymerization  is  high,  where 
die  concentration  of  chloroprene  in  die  mixture  of  monomers  is  greatly  reduced.  In  this  case,  die  maximum 
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probability  of  the  bexafliiorobiitadleiie  units  coupling  Is  1.13.  The  probability  of  the  hexafluorobutadlcne  units 
coupling  wiili  each  other  Increases  as  tlie  amount  of  hexafluorobutadieuc  in  the  starting  mixture  of  monomers  Is 
Increased  (b.O  :5.0  and  2.3  :7.5),  and  this  becomes  greater  the  greater  tlie  amount  of  hexafluorobutadlcne  in  tlie 
starting  mixture  of  monomers  and  the  higher  the  degree  of  polymerization.  Thus,  for  example,  widi  a  starting 
monomer  ratio  of  3.0  :3.0  and  a  polymerization  extent  of  23.2%  the  probability  of  the  hexafluorobutadiene 
units  coupling  with  each  other  Is  1.19,  while  wldi  a  surting  monomer  ratio  of  2.5  ;7.5  and  a  polymerization  ex¬ 
tent  of  23.87o  the  probability  Is  2.97j  correspondingly,  there  Is  a  decrease  In  the  probability  of  the  chloroprene 
units  coupling  witli  each  other.  Tills  serves  as  evidence  tliat  a  tendency  for  the  chloroprene  and  hexafluoro¬ 
butadiene  molecules  to  alternate  Is  observed  as  the  amount  of  hexafluorobutadiene  In  the  starting  mixture  Is 
increased,  and  also  die  tendency  for  die  hexafluorobutadiene  molecules  to  couple  wldi  each  other  increases. 


**  0  100  200  300 

Time  In  hours 

Fig.  10.  Dependence  of  die  joint  polymeriza¬ 
tion  rate  of  fluoroprene  and  hexafluorobutadiene 
on  die  starting  ratio  of  the  monomers.  Monomer: 
benzene  ratio  =  1:1}  initiator  =  isopropylbenzene 
hydroperoxide  (0.6  mole  %);  temperature  =  50*. 
Fluoroprene  :hexafluorobutadiene  ratio;  .  l) 

2.5; 7.5}  2)  5.0: 5.0}  3)  7.5: 2.5. 


Fig.  9.  Determination  of  the 
constants  for  the  joint  poly¬ 
merization  of  chloroprene 
and  hexafluorobutadiene. 
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Fig.  11.  Dependence  of  the  joint  polymeriza¬ 
tion  rate  of  isoprene  and  hexafluorobutadiene 
on  the  starting  ratio  of  the  monomers.  Monomer: 
benzene  ratio  =  1:1}  Initiator  =  Isopropylbenzene 
hydroperoxide  (0.6  mole  %)}  temperature  =  50*. 
Isoprene  : hexafluorobutadiene  ratio:  l)  2.5:7. 5} 
2)  5.0: 5.0}  3)  7.5: 2.5. 


,  ,  _  ,  Joint  polvmerization  of  fluoroprene  with  hexafluoro- 

and  hexafluorobutadlcne.  ,  „ - ^  - ; - - - ; - 

butadiene  and  of  isoprene  widi  hexafluorobutadiene.  In 

order  to  determine  the  Influence  exerted  by  substituents 

on  the  polarity  of  hydrocarbons  and  on  their  activity,  we  ran  some  experiments  on  the  joint  polymerization  of 

fluoroprene  widi  hexafluorobutadiene  and  of  isoprene  with  hexafluorobutadiene,  using  different  ratios  of  die 

monomers  In  the  starting  mixture.  In  Fig.  10,  we  have  shown  the  effect  of  the  starting  ratio  of  monomers  on  the 

rate  of  die  joint  polymerization  of  fluoroprene  and  hexafluorobutadiene  at  a  molar  ratio  of  the  monomers  of 

7.5  :2.5,  5.0  :5.0  and  2.5:  7.5,  respectively.  As  can  be  seen  from  Fig.  10,  the  rate  of  die  process  decreases  as 


tlie  amount  of  hexafluorobuiadlene  in  die  starting  mixture  of  monomers  is  increased.  In  Fig.  11,  we  have  shown 
a  similar  relationship  for  die  system  isoprene—  hexafluorobuiadlene  at  die  same  starting  molar  ratios  of  die 
monomers.  Here  also  a  decrease  in  the  joint  polymerization  rate  is  observed  as  the  amount  of  hexafluorobutadiene 
in  die  starting  mixture  of  monomers  is  increased. 

On  die  basis  of  the  obtained  experimental  data,  we 
calculated  die  joint  polymerization  constants  using  the 
general  Integral  equation  for  the  composition  (Figs.  12 
and  13),  and  we  also  calculated  the  probability  of  the 
amounts  of  die  different  types  of  bonds  present  in  the 
‘  copolymer  and  the  distribution  of  die  average  lengths  of 

the  monomer  units  in  the  copolymer.  It  was  found  that 
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Fig.  12.  Determination  of  the  con¬ 
stants  for  die  joint  polymerization 
of  fluoroprene  and  he.\afluorobutadlene. 


Fig.  13.  Deterrriination  of  the  constants 
for  die  joint  polymerization  of  isoprene 
and  hexafluorobutadiene. 


die  probability  of  the  hexafluorobutadiene  units  coupling  with  each  other  increases  as  the  amount  of  hexafluoro¬ 
butadiene  in  die  starting  mixture  of  monomers  is  increased,  and  the  possibility  of  the  monomers  alternating  with 
each  odier  also  increases.  In  the  joint  polymerization  of  isoprene  and  hexafluorobutadiene,  due  to  the  smaller 
differences  in  die  reaction  rates  and  the  relative  reactivity  of  die  mono.mers,  die  probability  of  the  he.xafluoro- 
butadiene  coupling  is  greater  than  in  the  joint  polymerization  of  fluoroprene  and  hexafluorobutadiene. 

Relative  activities  of  monomers  and  radicals.  As  is  known,  in  their  reactivity  the  fluorocarbon  olefins 
differ  from  the  olefins.  Ethylene  and  its  homologs,  aldiough  capable  of  addition  reactions,  are  not  very  reactive 
toward  a  number  of  nucleopliilic  polar  compounds,  which  react  very  easily  with  the  completely  fluorlnated  olefins 
(addition  of  ammonia,  amines,  alcohols,  hydrogen  sulfide,  mercaptans,  sodium  bisulfite).  If  ethylene  fails  to 
enter  into  the  diene  synthesis  reaction,  then  for  tctrafluoroediylene  a  high  activity  is  characteristic  in  cyclo¬ 
alkylation  reactions.  All  of  diis  indicates  that  in  the  fluoroolefins  the  capacity  for  dynamic  polarization  in  die 
reaction  with  various  polar  nucleophilic  reagents  is  expressed  much  more  strongly  than  is  the  case  for  the 
corresponding  olefins.  This  same  difference  in  the  properties  also  appears  in  die  different  relative  activity  shown 
by  olefins  and  fluorocarbon  olefins  toward  polymerization. 


Polymerlzadon 


In  going  from  ethylene  to  dioleflns  witli  a  conjugated  system  of  double  bonds  die  reactivity  of  the  compounds 
wltli  respect  to  both  addition  and  polymerization  reactions  Increases.  This  increase  Is  due  to  die  presence  of  a 
conjugated  system  of  tr -electrons,  characterized  by  a  high  mobility  and  the  ability  for  die  electron  density  In 
die  molecule  to  shift  with  a  small  loss  In  energy. 


Fig.  14.  Polymerization  rate  of  monomers 
In  emulsion.  1)  Chloroprenej  2)  fluoro- 
prenej  3)  Isoprenej  4)  hexafluorobutadlene, 

Isoprene,  ri  =  3.65±  0.11,  r2  =  0,133  ±  0.02  [4]j 


The  cliange  In  the  reactivity  when  going  from  fluoro¬ 
carbon  olefins  to  fluorocarbon  diene  compounds  with  a  con¬ 
jugated  system  of  double  bonds  Is  not  very  clear.  Based  on 
the  values  obtained  by  us  for  the  joint  polymerization  con¬ 
stants  of  several  monomer  systems  with  a  common  monomer, 
namely  hexafluorobutadiene,  It  becomes  possible  to  establish 
die  relative  activity  of  these  monomers  with  respect  to  die 
common  radical.  In  which  connection  It  is  assumed  that  the 
rate  constant  for  the  reaction  of  the  hexafluorobutadlene 
radical  wldi  the  hexafluorobutadlene  monomer  Is  equal  to 
one.  The  constants  for  the  joint  polymerization  of  the  studied 
monomer  systems  are  expressed  by  the  following  values: 
chloroprene— hexafluorobutadlene,  ri  =  5.47,  r2  =  0.10j 
fluoroprene  —  hexafluorobutadiene,  rj  =  2.93,  r2  =  0.24| 
Isoprene  —  hexafluorobutadlene,  rj  =  1.19,  ^2  "  0-78.  The 
constants  for  the  joint  polymerization  of  the  follov/lng 
monomer  systems  ate  given  in  the  literature:  chloroprene  — 
chloroprene  —  fluoroprene,  r^  =  3.70,  r2  =  0.22  [5]. 


The  values  of  the  relative  activities  of  the  monomers  and  radicals  are  given  In  the  table. 


Monomers 

Radicals 

hexafluoroj 

butadiene 

1 

iso-  1 

prene  j 

fluoro¬ 

prene 

chloro¬ 

prene 

Chloroprene 

10.0 

7.52 

4.55 

1.00 

Fluoroprene 

4.16 

— 

1.00 

0.31 

Isoprene 

1.27 

1.0 

— 

0.28 

Hexafluorobutadiene 

1.00 

0.84 

0.34 

0.18 

As  can  be  seen  from  the  data  given  In  the  table,  the  nature  of  the  substituent  in  the  butadiene  molecule 
exerts  a  substantial  influence  on  the  relative  activity  of  the  monomers  and  the  radicals  formed.  Thus,  for  example, 
if  discussing  the  activity  of  the  monomers  relative  to  the  hexafluorobuudiene  radical,  then  chloroprene  Is  10 
times  more  active  than  hexafluorobutadiene,  8  times  more  active  than  Isoprene,  and  2.4  times  more  active  than 
fluoroprene.  The  obtained  results  are  in  agreement  with  the  rates  of  the  separate  polymerization  of  the  discussed 
monomers  in  emulsion  (Fig.  14). 

The  polymerization  process  was  run  under  the  conditions  that  we  had  worked  out  for  the  polymerization  of 
hexafluorobutadlene.  The  greater  activity  of  chloroprene  when  compared  with  butadiene  is  due  to  the  fact  that 
Introducing  a  polar  chlorine  atom  Into  the  butadiene  molecule  upsets  the  symmetry  of  the  molecule,  resulting  In 
a  shift  of  the  electron  density  and  a  polarization  of  tlie  molecule.  The  dipole  moment  of  the  molecule  Is  1.42  D. 

A  shift  of  tlie  electron  density  due  to  conjugation  of  the  ir -electrons  of  the  double  bond  with  the  unshared  electrons 
of  the  chlorine  atom  occurs  in  the  following  manner. 


cti2^i?-oi-ai2- 

Cl 


‘CHj-C-CH-CHj 

Cl 
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As  can  be  seen  from  the  above  scheme,  a  distribution  of  the  electron  density  occurs  in  such  manner  tliat 
U>e  No.  1  carbon  atom  is  charged  negatively,  while  tlie  No.  4  atom  is  charged  positively.  This,  is  in  agreement 
witli  the  data  given  in  [6J  on  the  manner  in  whicli  liCl  adds  to  chloroprcne,  the  addition  being  1,4,  Because  of 
the  strong  polarity,  die  molecules  show  a  greater  degree  of  orientation  with  respect  to  each  other  in  tlie  1,4 
position  and  possess  a  greater  activity  in  the  polymerization  process  titan  do  butadiene  molecules.  Replacing 
a  hydrogen  atom  in  the  butadiene  molecule  by  fluorine  also  yields  a  very  reactive  fluoroprene,  which  however 
is  somewhat  less  active  than  chloroprene.  Introducing  a  fluorine  atom  into  tlte  butadiene  molecule  also  leads 
to  a  shift  of  the  electron  density  and  a  polarization  of  the  molecule,  but  the  fltiorlne  atom,  being  more  polar 
titan  the  chlorine  atom.  Is  apparently  capable  of  attracting  to  a  greater  degree  a  part  of  tlte  electron  density  and 
In  tltis  manner  it  prevents  its  free  displacement  in  the  molecule,  which  is  reflected  In  a  certain  decrease  In  the 
activity  of  fluoroprene  when  compared  with  chloroprcne.  Replacing  a  hydrogen  atom  In  tlte  butadiene  molecule 
by  a  metltyl  group  also  upsets  the  symmetry  of  tlte  molecule,  but  tlte  Qlj  group  is  much  less  capable  than  either 
the  chlorine  or  tl)c  fluorine  atom  of  exerting  an  influence  on  the  shift  of  the  electron  density.  This  is  manifested 
in  the  value  of  the  dipole  moment  for  the  isoprene  molecule  (0,38  D),  as  a  result  of  which  the  activity  of  isoprene 
in  die  polymerization  reaction  is  much  less  dian  diat  of  eidier  fluoroprene  or  chloroprene. 

When  compared  with  the  other  monomers  discussed  here,  hexafluorobutadiene  shows  a  quite  low  activity 
in  bodi  polymerization  and  joint  polymerization  reactions.  It  is  hardly  possible  to  explain  tiiis  as  being  due  to 
sterlc  hindrance,  since  teirafluoroetliylene,  where  all  of  die  hydrogen  atoms  are  also  substituted  by  fluorine, 
is  extremely  active  in  both  polymerization  and  joint  polymerization  reactions,  substantially  exceeding  ethylene 
and  even  butadiene  in  diis  respect.  Possibly,  diis  low  activity  of  hexafluorobutadiene,  when  compared  with 
tetrafluoroediylenc  and  butadiene,  can  be  explained  by  the  fact  diat  under  die  influence  of  the  polar  fluorine 
atoms  the  electron  density  in  the  hexafluorobutadiene  molecules  exhibits  a  limited  ability  to  shift,  while  die 
presence  of  conjugation  in  the  system  apparently  facilitates  a  greater  Intramolecular  compensation  of  the  polarity 
and  an  equalization  of  die  electron  density  due  to  die  tr -electrons,  which  weakens  the  conjugation  effect  con¬ 
siderably. 


SUMMARY 

1.  The  conditions  for  die  joint  solution  polymerization  of  chloroprene,  fluoroprene  and  isoprene  with 
hexafluorobutadiene  were  investigated. 

2.  The  constants  for  the  joint  polymerization  of  the  Investigated  monomer  systems  were  calculated. 

3.  It  was  established  diat  in  their  relative  activity  die  monomers  can  be  arranged  in  the  following  order: 
chloioprene  >  fluoroprene  >  isoprene  >  hexafluorobutadiene. 

4.  From  the  calculated  constants  for  the  joint  polymerization  of  the  Investigated  monomer  systems,  we 
derived  explanations  for  the  change  in  die  relative  activity  of  die  monomers  as  a  function  of  the  nature  of  the 
substituent  in  die  butadiene  molecule. 
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In  studying  the  structure  of  cephalosporin  N,  showing  a  high  activity  against  various  pathogenic  bacteria. 

It  was  established  that  this  antibiotic  is  a  penicillin,  the  side  chain  of  which  contains  D-a-aminoadlplc  acid  [1], 

In  order  to  determine  if  It  Is  possible  to  use  tlie  latter  as  a  precursor  In  the  biosynthesis  of  cephalosporin  N  we 
undertook  the  task  of  synthesizing  racemic  a-amlnoadlpic  acid,  with  subsequent  cleavage  of  the  latter  Into  the 
optically  active  isomers. 

Most  of  the  known  methods  for  the  synthesis  of  a-aminoadipic  acid  reduce  mainly  to  two  routes:  prepara¬ 
tion  of  the  a-halo- substituted  ester  of  adipic  acid  [2-4],  with  subsequent  replacement  of  the  halogen  by  the  amino 
group  [5],  and  condensation  of  the  corresponding  dihaloalkyls,  or  halonitriles  with  malonic,  or  substituted  malonlc 
ester,  and  subsequent  decarboxylation  and  hydrolysis  [6].  The  success  of  the  first  route  is  entirely  dependent  on 
the  purity  of  the  a-halo-substltuted  ester,  which  in  turn  is  linked  with  its  method  of  preparation.  Of  the  methods 
checked  by  us  for  the  synthesis  of  dietliyl  a-bromoadlpate  the  method  described  in  [2]  proved  to  be  the  best. 
According  to  tills  method,  the  monoethyl  ester  of  adipic  acid  is  used  as  tlie  starting  material,  which  assures  ob¬ 
taining  the  pure  monobromo  ester  later.  The  use  of  adlpoyl  dichloride  [4]  as  the  starting  material  leads  to 
obtaining  low  yields  In  the  subsequent  steps  of  amination  and  hydrolysis. 

When  we  tried  to  amlnate  diethyl  a-bromoadlpate  by  heating  tlie  latter  with  alcoholic  ammonia  solution 
we  isolated.  Instead  of  the  expected  diamide  of  a-aminoadlpic  acid  with  the  composition  CfH^302N3,  a  com¬ 
pound  that  crystallized  readily  from  alcohol  and  had  the  composition  CjHigOjNj,  which  when  hydrolyzed  by 
heating  with  hydrochloric  acid  was  converted  to  a-aminoadlpic  acid  hydrochloride.  The  elemental  composition 
permits  assuming  the  formation  of  die  imide  of  a-amlnoadiplc  acid.  However,  die  ability  of  a-aminoadlplc 
acid  to  cyclize  readily,  leading  to  die  formation  of  2- oxoplperidine- 6- carboxylic  acid  [7],  makes  It  possible 
to  obtain  the  amide  of  this  heterocyclic  acid  in  die  present  case.  This  we  were  able  to  show  by  direct  com¬ 
parison  with  the  amide  synthesized  In  the  following  manner: 
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The  great  ease  witli  which  oc-aniinoadipic  acid  cyclizes  was  also  demonstrated  when  the  latter  is  recry- 
stalllzed  from  water:  licre  not  more  than  50%  of  tlte  acid  taken  for  recrystailization  is  recovered  as  such.  In  all 
of  its  properties  and  elemental  composition,  tlic  substance  isolated  from  tlie  mother  liquor  corresponds  to  2- 
oxopipcridine-6-carboxylic  acid.  To  purify  a-amlnoadipic  acid,  we  were  able  to  obtain  good  results  by  using 
the  technique  of  reprecipitation:  a  solution  of  the  acid  in  1  N  NaOii,  purified  by  shaking  with  activated  carbon, 
was  acidified  to  pH  3-3.5  to  give  tlie  acid  as  a  colorless  precipitate.  The  yield  of  acid  exceeds  90%. 

When  the  acid  was  heated  with  anhydrous  isopropyl  alcohol,  containing  HCl,  instead  of  the  expected 
diisopropyl  ester  of  a-aminoadipic  acid,  Cj^-l23G>4,N,  we  obtained  a  substance  witli  the  composition  C^Hj^OgN, 
which  indicates  that  it  is  possible  to  form  tlie  isopropyl  ester  of  2- oxopiperidine- 6- carboxylic  acid.  The  validity 
of  our  assumption  was  shown  by  tlie  counter  syniliesis  of  tliis  ester,  starting  with  the  oxopiperidinecarboxyllc  acid. 

In  a  search  for  other  methods  of  obtaining  a-aminoadipic  acid,  we  synthesized  it  in  tlie  following  manner: 
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EXPERIMENTAL 

DL-g-Aminoadipic  acid,  a)  To  a  cooled  solution  of  freshly  prepared  sodium  alcoholate  (l.l  g  Ma,  30  ml 
of  anhydrous  alcohol)  was  added  10.7  g  of  acetamidomalonic  ester;  the  mixture  was  heated  at  85-90“  for  20 
minutes,  after  which  7.3  g  of  y  -bromobutyronitrlle  *  was  added  from  a  dropping  funnel.  The  heating  and  stlning 
were  continued  for  7  hours  (until  tlie  reaction  was  no  longer  alkaline  to  phenolphthalein).  The  residue  after 
distilling  off  the  alcohol  was  dissolved  in  30  ml  of  water  and  tlien  e.xtracted  with  etlier.  The  ether  solution  was 
tlien  dried,  followed  by  evaporation  of  tlie  ether,  and  tlie  oily  residue  of  condensation  product  (11,2  g)  was  then 


•  Obtained  by  the  method  described  for  the  syntliesis  of  trimethylcne  cyanide  [8],  but  reducing  the  amount  of 
sodium  cyanide  used  to  0.5  mole  per  mole  of  trimethylcne  bromide;  b.  p.  95-105*  at  20  mm  [9].  Yield  40% 
(based  on  sodium  cyanide). 

To  obtain  trimediylene  bromide  we  passed  gaseous  HBr  into  a  receiver  containing  allyl  bromide  (175  g) 
[10].  The  addition  was  made  at  —  10  to  —15*  until  die  w'eight  of  die  reaction  mass  remained  constant.  The 
amount  of  HBr  absorbed  in  5  hours  was  120  g.  The  reaction  product  was  waslied  with  water,  NaHCOg  solution, 
again  with  water,  and  dien  dried  over  CaClg;  b.  p.  1G2-166*  [9].  The  yield  of  trimethylene  bromide  was  241.4  g 
(83.5%). 


subjected  to  decarboxylation  and  hydrolysis  by  refluxing  witli  25  ml  of  concentrated  HCl  for  11-12  hours.  The 
acid  solution  was  evaporated  In  vacuo,  and  the  dry  residue  was  dissolved  In  water  (7-8  ml).  The  addition  of 
excess  aniline,  followed  by  cooling,  caused  die  a-aminoadiplc  acid  to  crystallize.  Yield  3.5  g  (‘M7o,  based  on 
y  -bromobutyronitrlle). 

b)  Fifty  grams  of  diethyl  a-bromoadlpate  [2],  obtained  from  monoethyl  adipate  [11],  was  dissolved  In 
1300  ml  of  anhydrous  ethyl  alcohol,  saturated  with  gaseous  ammonia  (about  107o),  and  the  solution  charged  Into 
an  autoclave,  where  It  was  heated  for  12  hours  at  100-110*  (pressure  7  atm).  Removal  of  the  alcohol  by  distilla¬ 
tion  left  a  yellow  crvstalllne  mass,  which  proved  to  be  the  amide  of  2-oxopiperldine-6-carboxyllc  acid.  After 
recrystalllzatlon  from  alcohol  (1  :10),  rn.  p.  163-169*. 

Found  7o:  C  50.70,  50.76{  H  7.32,  7.15j  N  19.89,  20.07.  CgHioOjNz.  Calculated  7o:  C  50.7| 

H  7.04|  N  19.71. 

The  obtained  substance  was  heated  with  concentrated  HCl  (150  ml)  on  the  boiling  water  bath  for  4  hours, 
after  which  It  was  evaporated  in  vacuo  to  dryness.  The  residue  was  dissolved  In  water  (50  ml).  The  addition  of 
excess  aniline  caused  the  a-amlnoadipic  acid  to  crystallize.  Yield  23  g  (  827o,  based  on  diethyl  a-bromo- 
adipate). 

The  technical  a-aminoadipic  acid  (23  g)  was  purified  by  dissolving  in  1  N  NaCXl  (150  ml)  and  then 
treating  the  weakly  alkaline  solution  (pH  8.0)  with  activated  carbon.  Acidification  of  the  colorless  filtrate  to 
pH  3-3.5  (13  ml  of  concentrated  HCl)  gave  20.8  g  (947o)  of  crystalline  a-amlnoadipic  acid,  m.  p.  173-174* 
(decomp.). 

Found  7o:  C  44.41,  44.53}  H  7.07,  7.10;  N  8.80,  8.90.  CgHuO^N.  Calculated  7o:  C  44.72; 

H  6.83;  N  8.69. 

2- Oxoplperidine- 6- carboxylic  acid,  a- Aminoadlpic  acid  (5  g)  was  recrystallized  from  water  (100  ml). 

We  recovered  2.4  g  of  crystalline  a-aminoadipic  acid  with  m.  p.  173-174*  (decomp.).  Evaporation  of  the 
mother  liquor  to  incipient  crystallization  gave  2  g  of  substance,  which  was  recrystallized  from  7  ml  of  water. 

The  obtained  2-oxopiperldine-6-carboxylic  acid  had  m.  p.  178-179*  [7]  (without  decomp.).  The  mixed  melting 
point  with  a-amlnoadipic  acid  was  1G9-170*  (decomp.). 

Found  7o:  C  50.45,  50.27;  H  6.21,  6.14;  N  10.02,  9.68.  CgHjOgN.  Calculated  7o:  C  50.34;  H  6.29; 

N  9.79. 

Isopropyl  ester  of  2-oxoplperidlne-6-catboxvlic  acid,  a)  A  mixture  of  9.6  g  of  a-aminoadiplc  acid  and 
45  ml  of  anhydrous  isopropyl  alcohol,  containing  16°Jo  of  gaseous  HCl,  was  heated  at  105-110*  for  3.5  hours. 

After  evaporation  of  the  alcohol,  the  residue  was  dissolved  in  10  ml  of  water;  tlien  with  cooling  in  ice,  in  the 
presence  of  etlier,  107o  NaHC03  solution  was  added  until  the  reaction  was  no  longer  acid.  The  ether  extract  was 
dried,  evaporated,  and  the  residue  was  distilled  at  165-166“  (5  mm).  The  substance  cry'stallized  during  the 
distillation.  After  recrystallization  (2.3  g)  from  petroleum  ether  (1  ;10)  and  ethyl  ether  (1  ;5),  m.  p.  65.5-66.5*. 

Found  7o:  C  58.57,  58.33;  H  8.32,  8.25;  N  7.55,  7.77.  C9H15O3N.  Calculated  7o:  C  58.37;  H  8.10; 

N  7.56. 

b)  2-Oxopiperidine-6-carboxylic  acid  (obtained  from  a-aminoadipic  acid)  was  esterified  under  the  con¬ 
ditions  described  for  the  esterification  of  a-aminoadipic  acid.  After  distilling  off  the  ether,  the  residue  crystallized. 
After  recrystallization  i'r.Mn  ether,  m.  p.  64-65*.  The  mixed  melting  point  with  the  esterification  product  of  a- 
amlnoadipic  acid  was  not  depressed. 

Found 'yo:  C  58.20  ,  58.27;  H  8.20,  8.21;  N  7.71,  7.36.  C,Hi503N.  Calculated  C  58.37;  H  8.10; 

N  7.56. 

The  mixing  of  Isopropyl  2-oxoplperidine-6-carboxylate  (1.3  g)  with  67o  alcoholic  ammonia  solution  (6  ml), 
followed  by  heating  in  a  sealed  tube  at  100*  for  10  hours,  gave  a  crystalline  substance  (0.7  g),  which  after  re- 
crystallization  from  anhydrous  alcohol  (1  ;10)  melted  at  168-169*.  The  mixed  melting  point  with  the  amination 
product  of  dletliyl  a-bromoadipate  was  not  depressed. 

Found  <yo:  C  50.78,  50.51;  H  7.28,  7.08;  N  19.34,  19.68.  CjHioOjNj.  Calculated  <70;  C  50.7; 

H  7.04;  N  19.71. 
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We  wisli  10  thank  A.  S.  Khokhlov  and  E.  M.  Kleiner  for  supplying  lire  a-amlnoadlplc  acid  samples  and 
F.  M.  Meller  for  running  all  of  the  elemental  analyses. 


SUMMARY 

1.  DL-«-Aminoadlpic  acid  was  synthesized  by  two  routes;  a)  condensation  of  y  -bromobutyronltrile 
with  N-acetamidomalonic  ester,  followed  by  hydrolysis  and  decarboxylation,  and  b)  amination  of  dletliyl 
a-bromoadipaie  witli  subsequent  hydrolysis. 

2.  It  was  found  that  the  heating  of  diethyl  a-bromoadipate  witli  alcoholic  ammonia  solution  yields  the 
amide  of  2-oxoplpcridine-6-carboxyllc  acid. 

3.  It  was  established  that  the  ordinary  recrystallization  of  a-aminoadipic  acid  from  water  results  in  about 
60%  of  It  convening  to  2-oxoplperidine-6-carboxylic  acid. 

4.  It  was  shown  tliat  tlie  esterification  of  a-aminoadipic  acid  by  heating  with  isopropyl  alcohol  In  the 
presence  of  HCl  yields  the  Isopropyl  ester  of  2-oxopiperidlne- 6- carboxylic  acid. 
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Two  methods  are  described  in  the  literature  for  the  resolution  of  racemic  a-amlnoadlplc  acid  into  the 
optical  antipodes.  L-a-Aminoadipic  acid,  [a]®D  + 33.9“  (c  5.49}  6  N  HCl),  was  obtained  by  treating 
carbobenzoxy-DL-a-aminoadlpic  acid  with  aniline  and  papain,  followed  by  hydrolysis  of  the  anilide  and  removal 
of  tlie  carbobenzoxy  group  from  tlte  Isolated  L-form  [1]  (no  mention  of  tlie  D-form  is  made  In  the  paper),  while 
the  second  method  given  in  the  literature  describes  the  resolution  of  DL-a-aminoadlpic  acid  by  the  enzymatic 
hydrolysis  of  N-chloroacetyl- DL-a-aminoadlpic  acid  using  acylascs  [2].  The  N-chloroacetyl  group  of  the  L-form 
Is  hydrolyzed  at  pH  7.0,  whereas  the  D-form  remains  unchanged.  To  isolate  the  D-a-aminoadipic  acid  requires 
subsequent  hydrolysis  with  boiling  2  N  HCl.  The  indices  for  the  angle  of  rotation  differ  from  those  given  in  [1]; 
for  the  L-form,  [aJ®D  +  25*  (c  2;  5  N  HCl),  and  for  the  D-form,  [oJ^D  —  25*  (c  2;  6  N  HCl). 

To  separate  DL-a-aminoadIpic  acid  into  the  optical  antipodes  we  used  the  method  of  resolution  through 
the  dlastereomers,  which,  as  is  known,  was  first  worked  out  by  Pasteur  specifically  for  compounds  of  acid  character 

[3] .  In  most  cases  alkaloids  are  used  as  tlie  asymmetric  reagent  of  basic  character.  However,  the  free  amino 
acids,  being  inner  salts,  are  incapable  of  forming  stable  salts  with  such  fairly  weak  bases  as  the  alkaloids.  For  this 
reason,  tlie  method  of  resolution  through  the  acyl  derivatives,  described  in  detail  in  the  classic  studies  of  Fischer 

[4] ,  is  usually  used  even  today  for  tlie  separation  of  amino  acids  [5],  and  it  was  the  method  adopted  by  us  to 
obtain  the  optically  active  forms  of  a-amlnoadlpic  acid.  We  first  synthesized  the  N-benzoyl  derivative,  from 
which  we  were  able  to  obtain  the  neutral  crysulline  salt  witli  brucine.  After  2-3  recrystallizations  of  the  salt, 
we  Isolated  N-benzoyl-L-a-amlnoadipic  acid,  [aJo  +  16*,  from  it.  The  motlier  liquors  yielded  a  noncrystalline 
glassy  salt,  from  which  we  isolated  N- benzoyl- D- a-amlnoadlpic  acid,  [a]  d  “  16*.  After  hydrolysis  of  the 
benzoyl  group  by  heating  with  10*70  HCl  we  obulned  the  optically  active  forms  of  a-amlnoadlplc  acid,  [oJd  + 

+  25.5  and  -  25.0  *. 

However,  the  use  of  brucine  for  resolution  into  the  optically  active  forms  is  associated  with  a  number  of 
difficulties,  including  the  high  toxicity  and  the  comparatively  difficult  availability  of  this  alkaloid.  For  this 
reason  tlie  problem  of  using  syntlietic  optically  active  bases  assumes  great  interest,  especially  since  both  antipodes, 
as  a  rule,  are  readily  available.  This  makes  it  easy  to  obtain  both  optical  forms  of  the  substance  being  resolved 


•  We  wish  to  thank  M.  A.  Gubernlev  for  the  interest  displayed  in  our  work. 
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In  pure  form.  a-Plicnethylamine  [G]  and  2-amino-l-phenylpropanc  (ben'/.edrlne)  [7]  are  used  quite  extensively 
In  the  resolution  of  acids.  We  set  ourselves  tlie  task  of  determining  If  It  Is  possible  to  resolve  DL-a-amlnoadlplc 
acid  using  L-tlirco-l-p-nltrophenyl-2-amlno-l, 3-propanediol.  In  recent  years  a  number  of  papers  have  appeared 
In  tl>e  literature  describing  the  resolution  of  DL-acetyltryptophan  [8j  and  DL-tlueo-6-phenylserlnc  [5j  using  die 
L-form  of  dils  amine. 

The  same  as  when  working  widi  brucine,  we  used  N-benzoyl- DL- a-amlnoadipic  acid  to  obtain  the  salts. 

By  using  2  moles  of  base  per  mole  of  acid  we  were  abl6  to  obtain  die  salt  with  both  the  L-  and  die  D- isomer  of 
the  amine,  both  crystallizing  well  from  aqueous  acetone.  Two  recrystallizations  proved  to  be  sufficient  to  give 
a  salt  with  a  constant  angle  of  rotation  (approximately  9.0“).  The  crystalline  salt  of  the  D-N-benzoyl  derivative 
separates  when  die  L-form  of  the  amine  is  used,  wliile  using  the  D-form  of  die  amine  yields  the  crystalline  salt 
of  L-N-bcnzoylamlnoadipic  acid.  The  N-benzoyl  derivatives  from  the  crystalline  salts,  as  well  as  the  optically 
active  forms  of  o-aminoatiiplc  acid  isolated  from  the  former,  show  die  same  angles  of  rotation  as  were  obtained 
using  brucine  for  die  resolution. 

The  amorphous  glassy  salts  isolated  from  die  evaporated  aqueous- acetone  mother  liquors  had  a  rotation  of 
±  18-20*,  while  the  N-benzoyl  derivatives  obtained  from  them  had  a  rotation  of  ±  8-11*.  For  furdier  resolution 
die  N-benzoyl  derivatives  were  again  converted  to  die  salts  by  reaction  widi  die  amine  of  opposite  sign  of  rotation, 
and  die  salts  after  one  recrystallization  showed  a  constant  angle  of  rotation  (approximately  ±  9.0“).  As  a  result, 
we  were  able  to  find  a  convenient  mediod  for  the  resolution  of  DL-  a-aminoadipic  acid  using  a  very  readily 
available  syndietic  amine,  being  an  intermediate  in  the  commercial  synthesis  of  levomycetin. 

An  interesting  fact  In  die  resolution  of  racemic  a-amlnoadlpic  acid  using  die  microorganism  Peniclllium 
chrysogenum  was  established  in  a  joint  study  with  T.  P.  Verkhovtseva  (Division  of  Physiology  of  the  All-Union 
Scientific  Research  Institute  of  Antibiotics).  Here,  it  was  found  diat  die  fungus  utilizes  only  die  L-form  of  a- 
aminoadipic  acid  in  its  metabolism.  In  5-6  days  after  adding  die  racemate  to  the  mold  culture  medium  we 
Isolated  the  D-form  of  a-amlnoadipic  acid,  [erJo""  25.9*,  from  the  filtrate. 

A  study  of  the  resolution  of  other  racemic  amino  acids  using  the  optically  active  forms  of  D-direo-l-p- 
nItrophenyl-2-anilno-l, 3- propanediol  is  being  continued. 

EXPERIMENTAL 

N- Benzoyl- DL- a-amlnoadipic  acid.  Sixteen  grams  of  DL-a-amlnoadlplc  acid  was  added  to  a  suspension 
of  90  g  of  sodium  bicarbonate  in  300  ml  of  water.  When  die  brisk  evolution  of  carbon  dioxide  had  ceased,  42  g 
of  benzoyl  chloride  was  added  gradually  in  1.5  hours  with  vigorous  stirring.  The  stirring  was  continued  for 
another  4  hours,  after  which  the  undissolved  excess  sodium  bicarbonate  was  filtered,  and  die  filtrate  w'as  acidified 
with  concentrated  HCl  to  pH  2.0.  The  mixture  of  benzoic  and  N- benzoyl- a-aminoadiplc  acids  vras  suction- 
filtered,  dried,  and  extracted  with  ether  in  an  extractor.  The  insoluble  N-benzoyl- a-amlnoadipic  acid  (19.5  g) 
was  recrystallized  from  water  (1;10).  Yield  18  g  (68‘7o),  m.  p.  133-184“. 

Found  C  58.G6,  58.50s  H  5.81,  5.87;  N  5.56,  5.31.  C13H15O5N.  Calculated  ^0:  C  58.8;  H  5.6; 

N  5.28. 

Salt  of  N-l-ienzoyl-DL- a-aminoadipic  acid  with  brucine.  A  mixture  of  16.8  g  of  N-benzoyl- DL-a- 
aminoadipic  acid  and  50.4  g  of  brucine  was  dissolved  widi  heating  in  300  ml  acetone  +  30  ml  water.  After 
cooling,  the  deposited  crystalline  salt  was  suction- filtered  and  dried  at  50-60“  to  give  48.7  g  of  salt  A^.  Re- 
crystallization  from  200  mi  acetone  +  20  ml  w'ater  gave  39.6  g  of  salt  A2.  A  second  recrystallization  from 
160  ml  of  acetone  and  1C  ml  of  water  gave  34.4  g  of  salt  AjS  furdier  recrystallization  from  140  ml  of  acetone 
and  14  ml  of  water  gave  SL.4  g  of  salt  A^. 

Found ‘7o:  C  64.10,  64.12;  H  6.73,  6.67;  N  6.34,  6.23.  CsjUgTOiaNg*  3H2O.  Calculated  C  63.95; 

H  6.59;  N  6.32. 

N- Benzoyl- L- a-amlnoadipic  acid,  Salt  A4  (31.4  g)  was  dissolved  widi  heating  in  160  ml  of  water.  The 
cooled  solution  was  then  treated  with  1  N  NaOH  solution  to  pH-'^9.0  .  The  deposited  brucine  was  suction- filtered, 
and  the  filtrate  was  shaken  with  chloroform,  after  which  it  was  acidified  widi  107o  HCl  to  pH  approximately  2.0, 
where  6.7  g  of  N- benzoyl- L- a- aminoadlplc  acid  crystallized  out,  m.  p.  179-180“,  [aJo  +  17.3“  (c  4.1;  1  N 
NaOH). 


N-Bcii/,oyl- D-g-aniiiioadipic  acid.  Tlie  aqiicous-acetoiic  mother  liquor  from  salt  Aj  was  evaporated  In 
vacuo;  the  residue  was  21.3  of  scmicrystalliuc  salt  which  was  dissolved  by  refluxing  with  85  ml  of  acetone 
and  9  ml  of  water.  Cooling  of  the  solution  gave  about  1  g  of  crystalline  salt  Aj;  evaporation  of  die  filtrate  gave 
19.3  g  of  glassy  salt  B2.  Decomposition  of  salt  U2  with  alkali,  followed  by  removal  of  the  brucine,  and  then 
acidification  of  die  filtrate  led  to  the  isolation  of  3.G5  g  of  N-benzoyl-D-a-aminoadipic  acid  with  m.  p.  178-179*, 
[oJd  -  16.0*  (c  3.3|  1  N  NaOH). 

L-  and  D-g- Aminoadlpic  acids.  The  obuincd  N- benzoyl  derivatives,  [ajp  +  17.3*  and  [ajp  “  16*, 
were  hydrolyzed  by  heating  widi  lO'^o  MCI  (1  ;15)  for  15  hours  at  110-115*.  The  deposited  benzoic  acid  was 
removed  by  extraction  widi  ether,  and  the  acid  solution  was  then  evaporated  in  vacuo.  The  optically  active 
g-aminoadipic  acids  were  then  isolated  by  adding  excess  aniline  to  water  solutions  of  the  obtained  hydrochlorides, 
after  wlilch  tliey  were  purified  by  dissolving  in  1  N  NaOH,  treating  the  solution  widi  activated  carbon,  and  pre¬ 
cipitation  widi  10'’/o  HCl  at  pH  3.5-4.  From  6.6  g  of  N- benzoyl- L- g-aminoadipic  acid  we  obtained  2.8  g  of 
L- g-aminoadipic  acid  wldi  ni.  p.  184-185*;  Lo(]d  +  25.5*  (c  1.3;  6  N  HCl).  From  3.6  g  of  the  D-N-benzoyl 
derivative  we  obtained  1.8  g  of  D- g-aminoadipic  acid,  m.  p.  183-184*,  and  [gJo  “  25*  (c  1.3;  6  N  HCl). 

Salt  of  N- ben zoyl-DL- g-aminoadipic  acid  with  L-threo-l-p-nltrophen\T-2-amino-l, 3- propanediol. 

A  mixture  of  13.3  g  of  N- benzoyl- DL-g-aminbadipic  acid  and  22.3  g  of  L-direo-l-p-nitrophenyl-2-aminopropane- 
diol  was  dissolved  with  heating  In  100  ml  of  acetone  and  10  ml  of  water.  Cooling  of  the  solution  gave  16.7  g  of 
crystalline  salt  AjL,  [g]D+  11.4"  (c  3.2;  H2O),  which  was  recrystallized  from  150  ml  of  acetone  and  15  ml  of 
water.  We  obtained  11.6  g  of  salt  A2L,  [gJo  +  9.0*  (c  3.2;  H2O).  Recrystallization  from  105  ml  of  acetone 
and  11  ml  of  water  gave  8.8  g  of  salt  A3L,  [oJd  +  9.3*  (c  3.2;  H2O). 

Found '7o:  C  52.81,  52.87;  H  6.00,  6.05;  N  10.1,  9.83.  CaHjjOijNs  •  HjO.  Calculated ‘/o:  C  52.67; 

H  5.8;  N  9.9. 

N-Benzoyl- D-g-aminoadipic  acid.  Salt  A3L  (8.8  g)  was  dissolved  with  heating  in  90  ml  of  water,  after 
which  the  solution  was  made  alkaline  wltli  25*70  NH4OH  to  pH  approximately  9.0,  and  tlie  deposited  amine  was 
separated.  Acidification  of  the  filtrate  with  10*7o  HCl  to  pH  2.0  gave  2.8  g  of  crystalline  N-benzoyl-D-  g- 
amlnoadipic  acid,  m.  p.  179-180*,  and  [gJo  “  18.6*  (c  4.2;  1  N  NaOH). 

N- Benzoyl- L- g-aminoadipic  acid.  The  aqueous- acetone  mother  liquor  from  the  separation  of  salt  A^L 
was  evaporated  in  vacuo.  We  obtained  19  g  of  glassy  salt  B^D,  [gJo  +  18.9*  (c  5.2;  H2O),  from  which  6.9  g 
of  the  N-benzoyl  derivative,  [gJo  +  8.9*  (c  3.25;  1  N  NaOH),  was  isolated.  For  further  separation,  the  latter 
was  converted  to  tlie  salt  with  D-threo-l-nitrophenyl-2-aminopropanedlol;  here  we  isolated  10.8  g  of  salt  AjD, 
[g]£)  —  11.5*  (c  3.2;  H2O).  A  second  recrystallization  from  100  ml  of  acetone  and  10  ml  of  water  gave  7  g 
of  salt  A2D,  [gJo  —  9.5*  (c  3.2;  H2O),  from  which  we  isolated  2.4  g  of  N-benzoyl- L- g-aminoadipic  acid, 
m.  p.  177-178*  and  [gJo  +17.2*  (c  4.2;  1  N  NaOH). 

Salt  of  N- benzoyl- DL- g-aminoadipic  acid  witli  D-threo-l-p-nitrophenvl-2-amino-l, 3- propanediol. 

A  mixture  of  26.5  g  of  tlie  DL- N-benzoyl  derivative  and  42.4  g  of  the  D-isomer  of  the  base  was  processed  under 
the  conditions  described  for  obtaining  the  salt  with  the  L-isomer.  We  isolated  36.9  g  of  salt  AjD,  [gjjy  “  13*. 

As  the  result  of  successive  recrystallizations,  we  obtained  in  respective  order  20.8  g  of  salt  A2D,  [gJo  “  9.8*, 
and  14.2  g  of  salt  A3D,  [gjjy  “  9.5*.  From  tlie  latter  we  isolated  4.6  g  of  N- benzoyl- L- g-aminoadipic  acid, 

[gJo  *■  16.9*.  From  the  aqueous- acetone  motlier  liquor  from  salt  A^D  we  Isolated  32.1  g  of  salt  BjL  [gJo  ~ 

“  20.19*,  from  which  we  obtained  11.5  g  of  tlie  N-benzoyl  derivative,  [g]^)  “  11.2*.  Further  separation  of 
the  latter  tlirough  the  salt  wltli  L-tlireo-l-p-nltrophenyl-2-anilnopropanediol  gave  4.0  g  of  N-benzoyl-D-a- 
aminoadipic  acid,  [gjjy  “  17.5*.  Hydrolysis  of  the  obtained  optically  active  N-benzoyl  derivatives  gave: 
D-g-amlnoadipic  acid,  [ajp  -  24.5*,  and  L-g-amlnoadipic  acid,  [gjj)  +  25.5*. 

Resolution  of  DL-g-aminoadipic  acid  with  the  mold  Pcnicillium  chrysogenum.  The  mold  mycelium, 
washed  free  of  culture  liquid,  was  added  to  a  water  solution  containing  Na  and  K  phosphates  and  glucose,  and 
then  the  DL-g- aminoadlpic  acid  was  added  (37o  on  the  solution  volume).  After  6  days  of  culturing,  the  mycelium 
was  separated  and  the  filtrate  (40  ml)  was  acidified  witli  6  N  HCl  to  pH  approximately  2.0,  followed  by  evapora¬ 
tion  in  vacuo  to  dryness.  The  residue  was  dissolved  in  8-10  ml  of  water,  aniline  was  added,  and  the  obtained 
precipitate  of  g-aminoadlplc  acid  was  separated  and  dissolved  in  several  milliliters  of  1  N  NaOH.  The  alkaline 
solution  was  washed  witli  ether  to  remove  traces  of  aniline,  and  tlien  it  was  acidified  carefully  with  157o  HCl  to 
pH  3.5-4.  We  obtained  0.3  g  of  D-g- aminoadlpic  acid,  [gjj)  -  25.9*  (c  1.5;  6  N  HCl), 
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SUMMARY 


1.  Hie  previously  unknown  N- benzoyl- DL- a- amlnoadlpic  acid  was  syntlieslzed. 

2.  The  resolution  of  N-bcnzoyl-DL- a- amlnoadlpic  acid  Into  tlie  optically  active  forms  was  accomplished 
by  preparing  the  crystalline  salts  with:  a)  brucine,  b)  Lrthreo-l-p-nitrophenyl-2-amlnopropanediol,  and  c) 
DL-  threo- 1-  p-  nluophcny  1-  2-  amlnopropanedlol. 

3.  Hydrolysis  of  the  optically  active  forms  of  N-benzoyl-a-amlnoadipic  acid  gave  the  L-  and  D-a-amino 
adipic  acids. 

4.  It  was  established  iliat  when  the  fungus  Penicillium  chrysogenum  is  cultured  in  the  presence  of  DL-a- 
aminoadipic  acid,  the  latter  suffers  resolution  into  tlie  optically  active  forms. 
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The  number  of  papers  in  the  literature  devoted  to  a  study  of  die  properties  of  biacetylene  are  comparatively 
few.  In  die  main,  the  reaction  of  biacetylene  with  organic  oxo  compounds  and  mercaptans  In  the  presence  of 
alkaline  agents  is  described  [1-lOj.  The  data  on  die  reaction  of  biacetylene  with  amino  alcohols  is  limited  only 
to  die  statements  of  Reppe  [10]  on  the  reaction  of  biacetylene  with  methylolamines,  which  proceeds  at  60-70* 
with  the  liberation  of  water  and  the  formation  of  mono-  and  disubstituted  products. 

lIfeG-C:=GII  [-  IIOGII2NR2  R2NCH2G=C— G=GII 
R2NGH2G=G-G=GCH2NR2 

Because  of  the  high  reactivity  of  biacetylene  and  die  presence  of  several  functional  groups  in  amino  alcohols 
it  can  be  assumed  that  they  will  react  with  each  odier  in  several  directions,  both  at  the  hydroxyl  and  at  the  amino 
group.  This  lends  additional  interest  to  studying  the  given  reaction  and  expands  the  synthesis  possibilities. 

First  of  all  it  was  in  order  to  study  die  reaction  of  biacetylene  with  those  amino  alcohols  not  having  hydrogens 
on  die  nitrogen  atom.  The  reason  for  dils  was  to  exclude  die  possibility  of  blacetylene  reacting  at  the  amino 
group  and  also  to  ascertain  the  influence  exerted  by  the  latter  on  die  addition  of  the  amino  alcohol  to  biacetylene 
and  on  die  properties  of  the  ethynylvinyl  ethers  that  are  formed  here.  This  investigation  was  made  using  2-diethyl- 
aminoethanol,  and  the  principal  results  of  this  investigation  were  reported  earlier  [11], 

In  this  paper  we  give  a  detailed  description  of  the  results  along  with  some  additions.  It  was  shown  that 
biacetylene  reacts  with  2-diediyIaminoedianol  under  milder  conditions  than  do  the  unsubstituted  alkyl  alcohols 
[1],  and  to  be  specific,  at  room  temperature  without  a  catalyst,  in  which  connection  the  reaction  goes  with  the 
formation  of  only  l-(2-diethylaminoetho.xy)-l-buten-3-yne  (I)  in  good  yield  (80-90%). 

11C:.=G-G-GH  +  HOGn2GH2N(G2lI.-,)2  HG=G-GH---^CHOGll2Gn2N(C2H5)2  (0 

Based  on  earlier  papers  [I-IO],  it  could  be  expected  that,  together  with  the  ethynylvinyl  edier  (I),  the 
addition  product  of  two  molecules  of  die  amino  alcohol  to  one  molecule  of  biacetylene  should  also  be  formed. 
However,  diis  was  not  observed  under  the  given  conditions. 

Tlie  following  transformations  of  the  ethynylvinyl  ether  (I)  were  examined;  hydrolysis,  and  the  addition  of 
alcohols  and  mercaptans.  It  was  proposed  to  compare  the  beliavior  of  l-(2-diethylaminoethoxy)-l-buten-3-yne 
(I)  and  die  unsubstituted  l-alkoxy-l-buten-3-ynes  in  these  reactions. 
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Tlie  hydrolysis  of  l-(2-dlethylanilnoetlioxy)-l-buten-3-yne  (I)  wltli  lO^o  sulfuric  acid  solution  gave  1,3,5- 
trlacctyl  benzene  (80%  yield).  The  reaction  of  (I)  with  aliphatic  alcoliols  (2-diethylaminoctlianol  and  butanol) 
required  more  drastic  conditions  when  compared  with  the  unsubstituted  l-alkoxy-l-buten-3-ynes  (in  the  presence 
of  potassium  alcoholate  as  the  catalyst,  at  a  higher  temperature,  or  by  boiling  in  vacuo).  Together  with  the 
formation  of  acetals  of  l-butyn-4-al,  this  reaction  also  gave  tlie  addition  products  of  one  molecule  of  the  alcohol 
to  a  molecule  of  tlie  etliynylvlnyl  ether,  having  a  diene  and  an  allene  stnicture.  The  nature  of  the  adding  alcohol 
determined  both  the  reaction  conditions  and  tlie  ratio  of  the  reaction  products.  Thus,  for  example,  tlie  predominant 
formation  of  l,3-dl(2-diethylamlnoethoxy)- 1,3- butadiene  (II)  (55-60%  yield)  was  observed  in  the  case  of  2- 
diethylamlnoethanol. 


CH2=C— ClIr^CHOCl!2CH2N(G2H5)2 
I 

OCIl2CIl2N(C2H.02 

(C2H5)2NCll2CIl20CH==CII-CII=CII0Cn2CIl2N(C2ll5)2 

The  hydrolysis  of  (II)  can  lend  some  support  to  the  alkoxy  groups  being  in  the  1,3- position  in  tliis  product, 
since  1,3,5-triacetylbenzene  (25%  yield)  is  formed  here.  However,  the  possibility  of  tlie  isolated  compound 
also  containing  l,4-dl(2-dletliylaminoethoxy)-l, 3- butadiene  (lla)  is  not  excluded. 

The  reaction  of  (I)  with  butanol  led  to  tlie  predominant  formation  (50-60%)  of  the  acetal  of  l-butyn-4-al 
(III),  containing  tlie  product  witli  the  allene  structure  as  Impurity.  The  yield  of  l-butoxy-4-(2-dletliylamino- 
etlioxy)- 1,3- butadiene  (IV)  was  only  10-25%. 

/OC4H0 

CH3C~CCH<  H8C40CII=GH-CH=CH0CH2CIl2N(C2H5)2 

\OCIl2GH2N(C2H5)2 

(III)  (IV) 

(or  a  l»3-arrangement  of  tlie  alkoxy  groups) 

It  Is  obvious  that  in  tlie  reaction  of  ethynylvlnyl  ether  (1)  wltli  alcohols  there  occurs,  together  with  iso¬ 
merization  leading  to  a  migration  of  tlie  triple  bond,  also  an  acetylene- allene- diene  isomerization  of  the 
reaction  products,  which  leads  to  tlie  formation  of  dlalkoxy- 1,3- butadienes. 


(II) 

(Ila) 


HGsG-GH=GHOGIl2Gll2N(G2lIr.)2-f  HOU  ->  HG~G— GH2GH 


/ 


OR 


\OGll2GIl2N(G2H5)2 


/OR  -GII3G— G-GH(OR)OGll2Gil2N(G2lR,)2 

->GH2=G=GII— GI1(  — < 

\OGH2GH2N(G2H5)2  ^Gn2=G(OR)GIl=GHOGH2Gll2N(G2Hr.)a 

R.=C4n,  II  ClI,CH,N(C,lh),. 


Also  not  excluded  is  the  possibility  of  tlie  alcohols  adding  to  the  ethynylvlnyl  ether  under  the  given  con¬ 
ditions  simultaneously  at  the  triple  and  double  bonds,  which  also  leads  to  obtaining  a  mixture  of  products  of 
variable  structure. 

If  tlie  time  of  reacting  l-(2-diethylaminoetlioxy)-l-buten-3-yne  with  2-dlethylamlnoethanol  is  Increased 
subsuintially  (from  6  to  22  hours),  then  tlie  isolated  product  represents  the  addition  product  of  two  molecules  of 
the  amino  alcohol  to  one  molecule  of  the  ethynylvlnyl  eilier  (yield  807o),  which,  according  to  the  spectral 
analysis  data,  has  tlie  structure  of  either  (V)  or  (Va), 


Cll2=G-GH2CH10Gll2GH2N(C2H5)2l2 

I 

OGH2Gll2N(G2H5)2 

(V) 


GIIaG^GH— CII(OGll2CH2N(G2ll5)2]2 


OGH2Gll2N{G2H5)2 


(Va) 
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Kthyl  mercaptan  adds  to  (l)  with  the  formation,  the  same  as  In  the  case  of  unsubstituted  1-alkoxy-l-buten- 
3-ynes,  of  ethylmcrcapto-(2-dleihylamlnoetlioxy)- 1,3- butadiene  (VI)  or  (Via)  (yield  60-707<’)»  but  under  milder 
conditions  (simply  by  heating  to  70*), 


C2H,-,SCH-^GfI— CII=GIIOCIl2GH2N(C2U:,)2  GH2=C— GH=GHOGH2GIl2N(C2nr,)i 

SG2H5 

(VI)  (Via) 

Next  we  made  an  attempt  to  obtain  tlie  etliylmercapto-(2-dletliylamlnoethoxy)- 1,3-butadlene  (Vl)  and  the 
butoxy  derivatives  of  the  ethynylvlnyl  ether  (111  and  IV)  by  tlie  counter  synthesis  from  1-ethylmercapto-l-buten- 
3-ync  (C2H5SCH  =CH  -  C  3  CH)  and  l-butoxy-l-buten-3-yne  (C4H9(X1H  =CH  —  C  =CH),  respectively.  How¬ 
ever,  we  were  ntiable  to  obtain  the  addition  of  2-dlethylamlnoethanol  to  l-eihylmercapto-l-buten-3-yne  by 
boiling  in  vac  ;o  In  the  presence  of  potassium  alcoholate  as  catalyst.  The  reaction  of  2-dlethylamlnoetlianol 
with  l-but''-  -T-buten-3-yne  gave  us  1,3- dl(2-dlethylamlnoethoxy)- 1,3- butadiene  (11),  which  on  hydrolysis 
wlili  lO'^o  ' '  acid  solution  gave  1,3,5- trlacetylbenzene.  The  formation  of  tlie  dl(2-dlethylamlnoethoxy)- 
l,3-butadl«,  .-.e  given  case  can  be  explained  by  disproportionation  of  the  butoxy- (2-dlethylamlnoethoxy)- 1,3- 
butadiene  (i  V,  ormed  in  the  initial  moment  of  reaction. 

2CH=G— GH=CH0G4H9  -f  2HOCH2CH2N(G2n5)a 
2  rGH2=C— GII=G110G4H9l  — >  (II) -f  CIl2=G(OG4H9)GH=GnOG4H9 

C)Gn2Gll2N(G2H.02l 

(IV) 

(either  a  1,3  or  a  1,4  arrangement  of  the  alkoxy  groups) 

A  similar  disproportionation  was  observed  earlier  in  the  case  of  1, 4- dlthloalky  1-1, 3- butadiene  [4].  As  a 
result,  a  comparative  study  of  die  properties  of  l-(2-diethylaminoethoxy)-l-buten-3-yne  (I)  and  unsubstituted 
1- alkoxy- 1-buten- 3- ynes  reveals  diat  the  nature  of  the  reactants,  as  well  as  slight  changes  In  the  reaction  con¬ 
ditions,  both  exert  considerable  influence  on  die  direction  of  die  transformations  of  ethynylvlnyl  ethers. 

All  of  the  obtained  compounds  are  either  colorless  or  yellow-colored  mobile  liquids,  oxidizing  to  different 
degree  in  the  air.  The  high  exaltation  of  the  molecular  refraction  shown  by  these  compounds  Is  evidently  due  to 
dielr  containing  a  conjugated  system  of  double  bonds,  as  well  as  various  isomers.  The  structure  of  the  synthesized 
compounds  was  confirmed  by  hydrolysis  and  spectral  analysis  data.  * 


EXPERIMENTAL 

Biacetylene  was  obtained  by  die  Herbertz  method  [6]  In  90-95*70  yield. 

l-(2-Diethylaminoethoxy)- 1-buten- 3-yne  (1).  Into  a  three- necked  flask,  fitted  with  a  stirrer,  thermometer, 
condenser  and  gas-inlet  tube,  was  charged  39  g  of  2-diethylamlnoedianol  (b.  p.  160-161*1  n®D  1.4412),  Into 
which  blacetylene,  diluted  with  dry  nitrogen,  was  passed  for  1  hour  at  room  temperature  with  stirring.  The  un¬ 
reacted  biacetylene  passed  dirough  die  condenser  and  a  wash  bottle  containing  10*70  caustic  solution  Into  a  trap, 
cooled  In  a  mixture  of  acetone  and  dry  ice.  A  total  of  8  g  of  blacetylene  was  absorbed.  The  reaction  mixture 
was  allowed  to  stand  for  a  day.  After  evaporating  the  unreacted  blacetylene,  the  residue  was  vacuum- distilled: 

1st  fraction,  b.  p.  85-90*  (25  mm),  27  gj  2nd  fraction.  Intermediate,  0.1  g;  3rd  fraction,  b.  p.  115*  (25  mm), 
15  gj  tarty  residue,  1.5  g.  The  1st  fraction  was  starting  2-dlethylaminoedianol.  Re  distillation  of  the  3rd  fraction 
In  vacuo  gave  a  colorless  substance,  which  gave  a  positive  reaction  when  tested  with  ammonlacal  silver  nitrate 
solution.  Based  on  the  elemental  and  spectral  analysis  data,  the  substance  was  l-(2-dIethylaminoethoxy)-l-buten- 
3-yne  (1)  (yield  80-90*70  ,  based  on  reacted  amino  alcohol),  and  It  had  the  following  constants: 


The  spectral  analyses  were  made  by  B.  V.  Lopatin,  for  which  the  authors  express  tlielr  gratitude. 


B.  p.  99*  (11  mm)|  n^D  1.4832,  0.90141  MRq  53.01.  Calc.  51.49. 

Found  C  71.50,  71.45;  H  10.30,  9.9G;  N  8.29,  8.22.  CioHnON.  Calculated^:  C  71.81; 

H  10.24;  N  8.37. 

Hydrolysis  of  1  -  (2-dlcihvlamlnoethoxy)-l-huten-3-yne  (1).  A  mixture  of  10  g  of  ethynylvinyl  ether  (1) 
and  C5  ml  of  IQ'^o  sulfuric  acid  (the  amount  of  sulfuric  arid  was  taken  such  that  It  was  slightly  In  excess  of  the 
amount  required  to  neutralize  the  amino  group)  was  heated  with  stirring  at  65-70*  for  30  minutes.  The  lustrous 
yellow  needle  crystals  tiiat  deposited  (2.2  g)  were  filtered,  washed  with  water,  recrystallized  3  times  from 
methanol,  and  dried.  The  substance  melted  at  1G2-1G3’.  The  mixed  melting  point  with  triacetylbenzene  was 
not  depressed.  The  filtrate  deposited  an  additional  amount  of  crystals  on  standing.  The  total  yield  of  triacetyl¬ 
benzene  was  3.2  g 

Reaction  of  l-(2-dlethylamlnoetho.\y)-l-hute.n-3-yiie  (1)  wdtii  2-diethylaminocthanol.  a)  Into  an  apparatus 
set  up  for  varuum  distillation  was  placed  4.2  g  of  2-diethylaminoetlianol  and  0.15  g  of  potassium  metal  (in  order 
to  obtain  lO'yo  alcoholate).  Then  3  g  of  ethynylvinyl  ether  (l)  was  added  to  the  obtained  solution.  The  reaction 
mixture  was  refluxed  in  vacuo  (10  mm)  for  6  hours  without  distilling,  and  then  it  was  treated  witli  absolute  ether. 

The  ether  solution  was  filtered  from  tlie  precipitated  potassium  alcoholate  (0.4  g),  the  ether  distilled  off,  and  the 
residue  subjected  to  vacuum-distillation:  1st  fraction,  b.  p.  48-50“  (5  mm),  2.4  g;  2nd  fraction,  intermediate, 

0.4  g;  3rd  fraction,  b.  p.  150-151*  (3.5  mm),  2.9  g;  tarry  residue,  0.5  g.  The  1st  fraction  was  starting  2- 
diethylamlnoethanol.  The  3rd  fraction  was  l,3-dl(2-dletliylaminoethoxy)- 1,3-butadiene  (II)  (yield  55-60 '’/o). 

B.  p.  151*  (4  mm),  n^D  1.4819,  0.9168,  MRjy  88.43.  Calc.  86.32. 

Found "/o:  C  67.43,  67.29;  H  11.29,  11.19;  N  9.55,  9.41.  C16H32O2N2.  Calculated C  67.55; 

H  11.34;  N  9.84. 

b)  A  mixture  of  6.5  g  of  ethynylvinyl  ether  (I)  and  9.1  g  of  2-diethylamlnoethanol  was  refluxed  in  vacuo 
In  the  presence  of  lO  ^o  potassium  alcoholate  for  8  hotirs.  The  reactioti  mixture  after  suitable  treatment  was 
vacuii til- distilled.  We  obtained  3.7  g  (367o)  of  substance  with  b.  p.  143*  (4  mm),  and  n^D  1.4711.  Based  on 
the  elemental  and  spectral  analysis  data  the  substatice  was  a  mixture  of  tlic  di-(2-dlethylaminoethoxy)  derivatives 
of  the  compoitnds  with  the  acetylene  (15-207o),  allene  (107o)t  ‘"^nd  diene  (70%)  structure. 

c)  The  refltixlng  in  vacuo  (10  mm)  of  8  g  of  etltynylvinyl  etlier  (I)  with  11.4  g  of  2-diethylamlnoetlianol, 
containing  107o  potassium  alcoholate,  for  22  liours  gave  9.2  g  (807o)  of  substance  (v),  in  its  analysis  corresponding 
to  the  addition  product  of  two  molecules  of  2-diethylaminoethanol  to  otie  molecule  of  the  ethynylvinyl  ether,  and 
having  b.  p.  178-179*  (4  mtii),  and  n^D  1.4608. 

Found C  65.77,  65.82;  H  11.80,  11.81;  N  10.58,  10.67.  C22H47O3N3.  Calculated  7o;  C  65.78; 

H  11.79;  N  10.46. 

Spectral  analysis  revealed  that  the  substance  has  an  etliylene  structure. 

Hydrolysis  of  di-(2-dietiivlanunoethoxv)-l, 3- butadiene  (II).  The  hydrolysis  was  run  in  tlie  same  manner 
as  described  for  the  hydrolysis  of  ethynylvinyl  etlicr  (I).  From  1.8  g  of  the  dialkoxy-1, 3-butadiene  (II)  we  ob¬ 
tained  0.1  g  (25/0)  of  triacetylbenzene  v;ith  m.  p.  161-162*. 

Reaction  of  l-(2-die.thylaminoethoxy)-l-buten-3-yne  (1)  with  butyl  alcohol.  A  mixture  of  5.3  g  of  butyl 
alcohol,  0.13  g  of  potassium  metal  (iti  order  to  obtain  57t>  alcoholate)  and  6  g  of  etltynylvinyl  etlier  (I)  was 
heated  with  stirring  at  125-130*  for  6  hours,  after  which  it  was  allowed  to  stand  overnight.  After  treating  with 
absolute  ether,  the  solution  was  filtered  from  the  precipitated  potassium  alcoholate  (0.3  g),  the  etlier  removed 
by  distillation,  and  the  residue  subjected  to  vacuittn- distillation.  We  obtained  the  following  fractions;  1st, 
b.  p.  upto40*  (7  mm),  2.9  g;  2tid,  b.  p.  137-139“  (7  mm),  5  g;  3rd,  b.  p.  160-162“  (7  mm),  0.9  g.  Tarry 
residue,  0.7  g;  intermediate  fractions,  1.1  g.  The  1st  fraction  was  starting  butyl  alcohol.  The  2nd  fraction  was 
tlie  addition  product  of  one  molecule  of  butyl  alcohol  to  one  molecule  of  the  ethynylvinyl  ether  (III),  which 
represented  a  mixture  of  approximately  equal  amounts  of  the  compounds  with  the  acetylene  and  tlie  allene  structure 
(yield  50-60%). 

B.  p.  138-140*  (10  mm),  n^D  1.4542,  d®^  0.8977,  MRd  72.83.  Calc.  72.08. 
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Found  7o:  C  69.55,  69.73j  H  11.30,  11.31{  N  5.76,  5.56.  Ci4H„02N.  Calculated 'yo;  C  69.60j 
H  11.27}  N  5.80. 

The  3rd  fraction  was  l-butoxy-4-(2-dictliylaniinoct1ioxy)- 1,3-butadlene  (IV)  (yield  10-25'^). 

B.  p.  153-155’  (7  mm),  n^D  1.4570,  d\  0.9010,  MRp  72.95.  Calc.  73.14. 

Found-yo:  C  69.12,  68.95;  H  11.31,  11.31;  N  5.80,' 5.60.  C14H27O2N.  Calculated 'yoi  C  69.60; 

H  11.27;  N  5.80. 

We  were  unable  to  Improve  on  the  analysis  results  due  to  tlie  difficulty  of  removing  either  decomposition 
or  oxidation  products  from  tire  materials,  the  presence  of  which  was  supported  by  the  spectroscopy  data. 

Reaction  of  l-bittoxy-l-biiten-3-yne  witli  2-diethylamlnoethanol.  A  mixture  of  4.5  g  of  l-butoxy-l-buten~ 
3-yne  and  8  g  of  2-dicihylamlnoetlianol,  conuinittg  lO^yo  potassium  alcoholate,  was  refluxed  in  vacuo  (10-15  mm) 
for  15  hours.  The  reaction  mixture  was  treated  witli  ether,  tire  solution  filtered  from  the  deposited  potassium 
alcoholate  (0.9  g),  the  eilicr  distilled  off,  and  the  residue  subjected  to  vacuum-distillation.  We  obulned  the 
following  fractions;  1st,  b.  p.  80-90®  (22  mm),  6.8  g;  2nd,  b.  p.  60-127*  (1.5  mm),  1.5  g;  3rd,  b.  p.  127-129* 
(1.5  mm),  1.6  g;  tarry  residue,  0.9  g.  The  1st  fraction  was  a  mixture  of  the  starting  materials;  the  2nd  fraction 
was  a  mixture  of  the  starting  materials  and  reaction  products;  the  3rd  fraction,  based  on  the  elemental  and 
spectral  analysis  dau,  was  di- (2- dieihylaminoethoxy)- 1,3- butadiene  (II)  (yield  30'^o). 

B.  p.  160-161’  (4  mm);  n^D  1.4769,  d“4  0.9143,  MRp  87.89.  Calc.  86.32. 

Found  %;  C  67.31,  67.53;  H  11.11,  11.01;  N  9.78,  9.64.  CigHjjOjNj.  Calculated  C  67.55; 

H  11.34;  N  9.84. 

The  hydrolysis  of  0.8  g  of  the  isolated  substance  with  7  ml  of  lO'yo  sulfuric  acid  solution  (l  hour,  60*)  led 
to  the  formation  of  0.05  g  (30%)  of  trlacetylbenzene  witli  m.  p.  160®.  The  mixed  melting  point  was  not  depressed. 

Some  difference  in  the  physical  constants  of  the  investigated  substance  with  the  constants  of  the  dl-(2- 
dlethylamlnoethoxy)-!, 3- butadiene  (II)  obtained  earlier  can  be  explained  by  tlie  cleavage  of  the  first  into  the 
geometric  Isomers. 


Absorption  band  frequencies  of  substances  (in  cm"' 

Substance 

1 

2 

3 

4 

I 

2120 

1623 

II 

— 

1667 

1621 

— 

II  * 

— 

— 

1630 

1555 

II  ** 

2200 

1936 

— 

1596,  1546 

III 

2220 

1930 

— 

— 

IV 

— 

1685  *** **•* 

1610 

— 

V 

— 

1635 

weak 

— 

— 

VI 

— 

— 

1645 

1566 

*  The  dlalkoxy- 1,3- butadiene  (II)  was  obtained  by  disproportiona¬ 
tion.  Cleavage  into  the  cis-  and  trans-isomers  was  observed  in 
the  given  case. 

**  Dialkoxy-1, 3- butadiene  (II)  contaminated  with  products  having 
the  acetylene  and  tlie  allene  structure. 

•*•  The  absorption  band  at  1685  cm"^  belongs  to  either  decom¬ 
position  or  oxidation  products. 

**•*  The  intensity  of  the  absorption  band  is  considerably  less  than 
in  the  spectra  of  similar  compounds  having  tlie  diene  structure. 
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Reaction  of  l-(2-dletliylamliioetlioxy)-l-buten-3-yne  (I)  with  ctliyl  mercaptan.  A  mixture  of  6.9  g  of  (l) 
and  4.4  g  of  eiliyl  mercaptan  was  heated  with  stirring  at  70-80"  for  6  hours,  and  then  it  was  vacuum-distilled. 

The  unrcacicd  ethyl  mercaptan  (3  g)  was  cohetted  in  a  trap,  cooled  in  a  mixture  of  acetone  and  dry  ice.  We 
obtained  the  following  fractions;  1st,  b.  p.  SO-100*  (10  mm),  3.6  g{  2nd,  intermediate,  0.2  gj  3rd,  b.  p.  164* 
(10  mm),  2  gj  residue,  0.8  g.  The  1st  fraction  was  starting  etliynylvinyl  ether  (I)i  the  3rd  fraction  was  ethyl- 
mercapio-(2-dietliylaminoethoxy)-l, 3-butadiene  (Vl),  tlie  diene  structure  of  which  was  shown  spectroscopically 
(yield  60-70'7n,  based  on  reacted  etliynylvinyl  ether). 

B.  p.  152*  (7  mm),  n^D  1.5290,  d^^  0.9550,  MRq  73.91.  Calc.  70.23. 

Found  Vf':  C  62.67,  62.77j  H  9.98,  10.06;  S  13.66,  13.71.  C12H23ONS.  Calculated  <70:  C  62.83; 

H  10.10;  S  13.94. 

Spectral  analysis  data.  The  patterns  of  all  of  the  compounds  were  taken  in  the  2500-1500  cm"^  region, 
using  ah  IKS- 11  hifrared  spectrometer  and  MaCl  prism.  The  obtained  data  are  summarized  In  the  table. 

SU  MM  ARY 

1.  The  conditions  for  tlie  synthesis  of  l-(2-diethylaminoethoxy)-l-buten-3-yne  from  biacetylene  and 

2- diethylaminoetlianol  in  80-90  <70  yield  were  ascertained,  and  some  of  tlie  transformations  of  tlie  compound 
were  studied. 

2.  The  peculiarities  in  the  behavior  of  2-dlethylaminoethanol  and  l-(2-dicthylaminoethoxy)-l-buten- 

3- yne  In  the  given  reactions,  when  compared  respectively  with  the  unsubstituted  alkyl  alcohols  and  1-alkoxy-l- 
buten-3-ynes,  were  ascertained. 

3.  It  was  shown  Uiat,  depending  on  the  reaction  conditions,  the  reaction  of  l-(2-dietliylaminoethoxy)-l- 
butcn-3-ync  with  alipliatic  alcohols  goes  in  several  directions;  with  tlie  formation  of  either  dialkoxy  derivatives, 
having  dicnic,  allenic  and  acetylenic  structures,  or  trialkoxy  derivatives. 

4.  We  prepared  and  characterized  di-(2-dietliylaminoetlioxy)-l,3-butadIene,  butoxy-(2-diethylamino- 
ethoxy)- 1,3- butadiene,  the  butoxy  derivative  of  l-(2-diethylaminoethoxy)-l-buten-3-yiie,  being  a  mixture  of 
compounds  having  the  acetylene  and  the  allene  structure,  and  tri-(2-dietliylaminoethoxy)- butene. 

5.  The  reaction  of  l-(2-dieiliylaminoethoxy)-l-buten-3-yne  with  ethyl  mercaptan  under  the  given  con¬ 
ditions  leads  to  obtaining  only  ethylmercapto- (2- dieUiylaminoethoxy)- 1,3- butadiene. 

6.  It  was  shown  tliat  it  is  possible  for  butoxy-(2-dlctliylamlnoetlioxy)-l, 3- butadiene  to  disproportionate 
into  the  symmetrical  dialkoxy- 1,3- butadienes. 
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VINYL  ETHERS 

X.  SYNTHESIS  AND  TRANSFORMATIONS  OF  PROPENYL  AND  ISOPROPENYL 
PHENYL  SULFIDES 
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In  tills  paper  we  investigated  the  reaction  of  methylacetylene  with  thiophenol  in  alkaline  medium.  Earlier 
we  had  shown  that  metliylacetylcne  can  be  used  in  the  vinylation  of  alcohols  [1]  and  phenols  [2],  and  here  the 
main  reaction  products  are  respectively  isopropenyl  alkyl  and  isopropcnyl  ar)'l  ethers.  In  contrast  to  thiSj  the 
vinylation  of  tliiophenol  under  tire  conditions  of  the  Favorskil—  Shostakovskii  reaction  leads  to  obtaining  two 
compounds,  namely  isopropenyl  (1)  and  propenyl  (11)  phenyl  sulfides. 


Gfl2=-G-SCGll5  (1) 

/  I 

CelisSII  4-  GH3-Gn=GII<^  ^^3 

^GIl3GII=GIlSGoH6  (2) 

(II) 

A  similar  dual  manner  in  the  addition  of  a  thiol  to  a  substituted  acetylene  was  described  for  die  case  of 
1-heptyne  and  p- toluene  thiol  [3].  Here  it  was  shown  diat  aromatic  diiols  in  the  presence  of  alkali  add  stereo- 
specifically  to  acetylenes  via  nucleophilic  addition  [3,  4j. 

In  the  example  described  by  us,  reactions  (l)  and  (2)  are  nucleophilic  addition  reactions,  aldiough  direction 
(2)  leads  to  an  addition  product  contrary  to  die  Markovnikov  rule.  In  our  experiments,  the  presence  of  hydroqulnone 
In  the  reaction  medium  failed  to  suppress  reaction  (2).  Stereospecific  addition  of  die  diiol  according  to  reaction  (2) 
leads  to  one  stereoisomer.  This  may  be  judged  on  the  basis  of  oxidizing  propenyl  phenyl  sulfide,  where  oidy  the 
crystalline  propenyl  phenyl  sulfone  CHsCH  =CHS02CgH5  (III)  is  obtained,  whose  melting  point  corresponds  to  the 
higher  melting  Isomer,  probably  the  trans  [5j.  In  addition,  in  die  infrared  spectrum  of  the  propenyl  phenyl  sulfide 
die  double  bond  absorption  band  at  1600  cm”^  is  not  divided,  vv-liich  also  indicates  die  presence  of  only  one  Isomer. 

Tlie  mixture  of  sulfides  obtained  In  the  vinylation  of  diiophenol  was  separated  by  fractional  distillation 
through  a  column  in  vacuo.  The  higher  boiling  fraction  had  constants  that  were  close  to  diose  given  in  die  literature 
for  propenyl  phenyl  sulfide  [5,  6].  The  lower  boiling  fraction  was  characterized  as  being  isopropenyl  phenyl  sulfide. 
This  compound  had  been  syndieslzed  earlier  by  the  decomposition  of  6-diiophenylcrotonic  acid  [7J.  But  since  the 
only  constant  given  for  die  compound  was  a  boiling  point  of  206-210®,  for  identification  we  converted  die  isopropenyl 
phenyl  sulfide  to  the  known  isopropyl  phenyl  sulfone  (1V)[8J  by  die  scheme 
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Clljz^C-SCJI-  — '^vCHozr-C-SOoCJIs  -  l  (CllnV.CHSOaCnllr, 


CIl- 


Cllr 


(IV) 


III  contrast  to  the  crystalline  sulfones,  the  Isopropenyl  and  Isopropyl  phenyl  sulfones  obtained  from  propenyl 
phenyl  sulfide  arc  oily  substances. 

The  Infrared  spectra*  confirmed  the  structure  assigned  to  the  sulfides.  The  isopropenyl  phenyl  sulfide 
specimen  showed  an  absorption  band  for  the  in-plane  deformation  vibration  of  the  CH2  group  with  a  maximum 
at  1420  cm"^  [9J.  This  band  is  absent  in  the  case  of  tlie  propenyl  phenyl  sulfide,  for  which  reason  an  absorption 
band  for  the  out-of-plane  deformation  vibration  of  tlie  CH  group  is  found  at  970-960  cm"^. 

The  hydrolysis  of  the  propenyl  and  isopropenyl  phenyl  sulfides  leads  respectively  to  proplonaldehyde  and 
acetone,  wliich  were  characterized  as  the  dinitrophenylhydrazones.  This  reaction  also  supports  the  structure 
assigned  to  the  sulfides. 

We  tried  to  apply  the  reaction  of  quantitative  decomposition  with  alcoholic  mercuric  chloride  solution 
[10]  to  the  synthesized  sulfides.  But,  here  it  proved  that  this  reaction  can  serve  only  for  the  quantitative  deter¬ 
mination  of  Isopropenyl  phenyl  sulfide.  When  a  weighed  sample  of  isopropenyl  phenyl  sulfide  is  mixed  with  a 
solution  of  mercuric  chloride  a  precipitate  of  phenylmercuric  chloride  deposits  within  30  seconds,  and  after 
standing  for  a  day  95°7o  (of  the  theoretical)  of  the  hydrochloric  acid  titrates.  In  the  case  of  propenyl  phenyl 
sulfide  a  small  amount  of  precipitate  deposits  after  approximately  30  minutes,  and  after  a  day  only  8-9^70  of  the 
acid  titrates.  The  percent  of  titratable  acid  increases  on  standing.  This  reaction  can  be  used  for  the  rapid 
qualitative  differentiation  of  the  indicated  sulfides. 


Both  the  propenyl  and  the  isopropenyl  phenyl  sulfides  add  thiols  in  the  presence  of  a  radical  catalyst  [10], 
in  which  connection  reaction  with  thiophenol  gives  tlie  same  1,2-dlphenylmercaptopropane  C5H5SCH2CH(CH3)SCljH5 
(V)  in  both  cases,  while  reaction  with  ethyl  mercaptan  gives  the  isomeric  dithioethers  (VI  and  VU). 


(l)-fC2ll5SH  ->  CsIIsSCHz-CIISCeHs 

I 

CII3 

(VI) 

(ll)-f  CsHflSH  C2H5SGH— CHaSCells 

I 

CH3 

(VII) 

Isopropenyl  phenyl  sulfide  was  studied  in  reactions  of  the  ionic  type  for  the  purpose  of  comparison  with  the 
properties  of  Isopropenyl  phenyl  ether.  It  proved  that  the  sulfur  and  oxygen  analogs  behave  In  the  same  manner 
in  ionic  reactions.  Thus,  in  die  presence  of  an  Ionic  catalyst  (SO2)  isopropenyl  phenyl  sulfide  reacts  with  ethyl 
mercaptan  In  a  manner  that  Is  analogous  to  the  reaction  of  isopropenyl  phenyl  ether  with  alcohols  [11].  Isopropenyl 
ediyl  sulfide  was  isolated  from  the  reaction  mixture,  thus  indicating  that  Indirect  vinylation  of  the  ethyl  mercaptan 
had  occurred. 


Cn2=C— SC2H5  -f-  CellsSH 
CH3 

The  hydrochlorination  of  isopropenyl  phenyl  sulfide  leads  to  the  formation  of  a-chloroisopropyl  phenyl 
sulfide,  which,  similar  to  a-chloroisopropyl  phenyl  ether  [11],  is  an  unstable  compound.  a-Chlorolsopropyl 
phenyl  sulfide  was  characterized  by  its  conversion  to  die  known  tert-amyl  phenyl  sulfide  [12]. 


so. 


[(l)-f  CallsSll  — :> 


CH3^^^SCen.-, 

ICII3/  ^SCjH.J 


•  The  spectra  were  taken  by  B.  V.  Lopatin,  for  which  the  authors  wish  to  express  their  thanks. 
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(I)  (cHa)2C-sCcn5  — ((:ii3)2CsCbM5 

I  I 

Cl  R 

n-c.Mj,  c,ii, 

EXPERIMENTAL 

1.  Reaction  of  n’ctliylaceiylene  with  thiophenol.  The  experiments  were  run  in  a  rotated  250  ml  autoclave 
by  tlie  metliod  described  in  [2J.  into  the  autoclave  were  cliarged  55  g  of  thiophenol,  60  g  of  niethylacetylene, 

55  ml  of  dioxane  and  5.61  g  of  KOH,  and  tlic  mixture  was  heated  for  2  hours  at  150-160".  Tlie  maximum  pressure 
was  46  atm,  and  the  minimum  was  34  atm.  The  discharged  product  was  diluted  with  diethyl  ether  and  then  washed 
with  water.  The  ether  layer  was  dried  over  Na2S04  and  tlien  distilled  from  a  Eavorskii  flask.  First  fraction, 
b.  p.  81-97*  (20  mm),  6.2  gj  2nd  fraction,  b.  p.  97-120"  (20  mm),  48  g.  The  residue,  a  brown  liquid,  weighed 
16  g.  The  2nd  fraction  was  fractionated  tlirough  a  column  with  an  efficiency  of  20  theoretical  plates.  The 
following  fractions  were  obtained; 

First  b.  p.  98-101"  (20  mm),  22.1  g  (  29'’/p),  n^D  1.5690.  Second  b.  p.  101-111"  (20  mm),  8.7  g 
(1.470),  n“D  1.5768;  Third  b.  p.  111-113*  (20  mm),  9.5  g  (l2.57o),  n^D  1.5841. 

The  first  fraction  is  isopropenyl  phenyl  sulfide  (l); 

B.  p.  68-69*  (6  mm),  74-75*  (7.5  mm),  n^D  1.5690,  d^^  1.0162,  MRp  48.45;  Calc.  48.09." 

Found  7o;  C  71.88,  71.64;  H  6.72,  6.65;  S  21.08,  21.11.  CjHijS.  Calculated  7o:  C  71.98;  H  6.71; 

S  21.34. 

The  third  fraction  is  propenyl  plienyl  sulfide  (II); 

D.  p.  111-113"  (20  mm),  n^D  1.5849,  d®^  1.0302. 

Founder,;  C  71.87,  71.99;  H  6.75,  6.76;  S  20.97,  20.87.  C,Hi(,S.  Calculated  7o:  C  71.98;  H  6.71; 

S  21.34. 

Literature  data;  b.  p.  79-80"  (3  mm),  n®D  1.5850,  d®^  1.0328  [5],  b.  p.  61-69"  (1.3  mm), 
n®D  1.5850-1.5860  [6]. 

2.  Oxidation  of  isopropenyl  phenyl  sulfide  (1).  Into  a  three- necked  flask,  fitted  witli  a  stirrer,  condenser 
and  thermometer,  were  charged  10.5  g  of  isopropenyl  phenyl  sulfide,  0.5  g  of  pyridine  and  80  ml  of  287o  hydrogen 
peroxide.  The  oxidation  was  run  for  60  hours  at  80*  [14],  Tlie  lower  layer  was  separated,  diluted  with  ether, 
washed  witli  water,  dried  over  K2CO3,  and  distilled.  We  obtained  6.7  g  (537o)  of  isopropenyl  phenyl  sulfone; 

B.  p.  142"  (4.5  mm),  n®D  1.5470,  d^^  1.1872,  MR^  48.67.  Calc.  48.26. 

Found 7o:  C  59.22,  59.23;  H  5.66,  5.76;  S  17.50,  17.43.  CgHjoOzS.  Calculated %;  C  59.30; 

H  5.54;  S  17.59. 

3.  Oxidation  of  propenyl  phenvl  sulfide  (II).  Operating  in  the  same  manner  as  above,  the  oxidation  of  9.5  g 

of  propenyl  phenyl  sulfide  for  48  hours  gave  8.9  g  of  propenyl  phenyl  sulfone.  The  crystals  were  dissolved 

In  alcohol  and  rcprecipitated  witli  water.  M.  p.  69.5-70*.** 

Found  %;  C  59.29,  59.26;  H  5.44,  5.49;  S  17.62,  17.42.  CjHioOjS.  Calculated  *70;  C  59.30; 

H  5.54;  S  17.59. 

4.  Hydrogcnailon  of  isopropenyl  phenyl  sulfone.  A  charge  of  2  g  Pd/C  (5%),  50  ml  of  etlianol  and  7.0  g 
of  isopropenyl  phenyl  sulfone  was  placed  in  a  hydrogenation  bottle.  The  equivalent  amount  of  hydrogen  was 
absorbed  in  1.5  hours.  The  catalyst  was  filtered,  washed  with  hot  ethanol,  and  the  ethanol  was  combined  with 
the  main  portion.  Distillation  gave  6.5  g  of  the  sulfone  (gi  ’/o). 


•  The  atomic  refraction  of  sulfur  was  taken  equal  to  8.4  [13]. 

••  The  literature  [5]  gives  m.  p.  68.5-69*. 
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B.  p.  14.")*  (r>  mill)/  ii®D  1.5320,  1.1G22,  MRq  49.11;  Calc.  48.72. 

Found  ’/.:  C  58.64,  58.82;  II  6.50,  6.47;  S  17.20,  17.19.  CjHijOzS.  Calculated -yo:  C  58.65; 

H  6.56;  S  17.40. 

5.  Hydroi’Ciiaiion  of  propciiyl  plicnyl  siilfoiie.  Tlirce  grams  of  tlie  substance  was  hydrogenated  In  40  ml 
of  alcoliol  using  I  g  of  Pd/C  (5  ’/.).  We  obtained  2.8  g  (85''/o)  of  propyl  phenyl  sulfone.  The  compound  was  re- 
crystalll/.cd  from  AO'lo  acetic  add.  M.  p.  43-45*.  'Flic  literature  [15j  gives  m.  p.  41.6-43.5*  and  46*. 

6.  Hvdroh'sls  of  Isopropcnyl  phenyl  sulfide.  Tlie  liydrolysis  was  run  by  the  earlier  described  method  [16], 

Six  grams  of  tlic  sulfide  in  200  ml  of  ethanol  was  heated  with  stirring  for  2  hours  witli  40  ml  of  6  N  hydrochloric 
add.  The  acetone  formed  in  the  reaction  was  blown  out  witli  nitrogen  into  a  trap  containing  ah  aqueous  alcoliol 
solution  of  2,4-dlnitrophenylliydrazine.  The  hydrazone  precipitate  was  filtered  and  tlien  recrystallized  from 
alcoliol.  We  obtained  1.5  g  of  crystals,  m.  p.  125*.  The  mixed  melting  point  with  authentic  acetone  hydrazone 
was  not  depressed.  Add  hydrolysis  of  4.5  g  of  the  propeiiyl  phenyl  sulfide  by  the  above  described  method  gave 
0.91  g  of  proplonaldehyde  hydrazone  with  m.  p.  154-154.5*. 

7.  "Mercuric  chloride*  titration  of  isopropenyl  phenyl  sulfide  [10].  A  sample  of  the  sulfide  (0. 1-0.2  g) 
was  added  to  6  ml  of  a  20  ’/'n  alcohol  solution  of  niercuric  chloride.  A  copious  precipitate  separated  within 

0.5  minutes.  After  standing  for  a  day,  the  liberated  add  was  titrated  witli  0.1  N  NaOH  solution  in  tlie  presence 
of  methyl  orange.  The  amount  of  titratable  acid  was  found  to  be  95-95.5*70. 

8.  Decomposition  of  propenyl  phenyl  sulfide  with  mercuric  chloride.  After  adding  the  sulfide  sample 
(0.1-0. 2  g)  to  5  ml  of  the  mercuric  chloride  solution,  a  precipitate  slowly  began  to  appear  after  20-30  minutes. 
After  standing  for  a  day,  the  titratable  hydrochloric  add  was  7. 9-9. 4'%,  after  two  days  it  was  23-24*70,  and  after 
6  days  it  was  GO-Ol^o. 

9.  l-Ethylmercapto-2-phenvlmercaptopropane  (VI).  Into  an  ampul  were  charged  8  g  of  Isopropenyl  phenyl 
sulfide,  3.3  g  of  etliyl  mercaptan,  and  0.1  g  of  azobisisobutyronitrile.  The  ampul  was  sealed  and  heated  for  4 
hours  at  80*.  Fractional  distillation  of  the  reaction  mixture  gave  9.2  g  (81*70)  of  the  disulfide: 

B.p.  129-130*  (5  mm),  114-116*  (3  mm),  n^D  1.5715,  d®^  1.0582,  MRjj  65.95;  Calc.  65.72.** 

Found '7o:  C  62.40,  62.48;  H  7.53,  7.57;  S  29.90,  30.11.  CuHisSj.  Calculated *7o:  C  62.23; 

H  7.59;  S  30.21. 

10.  l-Phenylmercapto-2-ethylmercaptopropane  (VIl).  Using  the  same  conditions  as  in  Expt.  9,  from  9.1  g 
of  propenyl  phenyl  sulfide,  3.75  g  of  etliyl  mercaptan  and  0.1  g  of  azobisisobutyronitrile  we  obtained  10.5  g 
(82*7o)  of  die  disulfide; 

B.  p.  134-135*  (5  mm),  120*  (3  mm),  n^D  1.5725,  d*^  1.0592,  MR^  66.06;  Calc.  65.72. 

Found *70:  C  62.31,  62.47;  H  7.53,  7.58;  S  30.08,  29.81.  C11H16S2.  Calculated *7o;  C  62.23; 

H  7.59;  S  30.21. 

11.  1,2-Diphenylmercaptoptopane  (V)  was  obtained  in  a  similar  manner  from  thiophenol  and  Isopropenyl 
plienyl  sulfide  (or  propenyl  plienyl  sulfide)  in  82'yo  yield. 

B.  p.  197-198*  (7  mm),  n^D  1.6218,  1.1252,  MRq  81.47;  Calc.  81.21. 

Found  *70:  C  69.08,  69.15;  H  6.29,  6.25;  S  24.40,  24.47.  CisHisSj.  Calculated  <7o:  C  69.17;  H  6.18; 

S  24.62. 

12.  Reaction  of  isopropenyl  plicnyl  sulfide  with  ethyl  mercaptan  in  the  presence  of  sulfur  dioxide.  Sulfur 
dioxide  was  passed  for  3  minutes  into  an  ampul  containing  12.4  g  of  ethyl  mercaptan  and  cooled  in  a  mixture  of 
acetone  and  dry  ice.  After  adding  23  g  of  isopropenyl  phenyl  sulfide,  die  ampul  was  immersed  in  liquid  nitrogen, 
evacuated,  scaled,  and  heated  at  100*  for  9  hours.  After  opening  the  ampul,  die  contents  were  vacuum-distilled. 


•  The  literature  [8]  gives  b.  p.  145-150*  (1  mm),  110-120*  (O.Ol  mm). 

*•  The  atomic  refraction  of  sulfur  was  taken  equal  to  7.92  and  8.4  for  different  sulfur  atoms  [13]. 
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The  distillate  was  a  mixture  of  tlilophenol  and  Isopropenyl  phenyl  sulfide,  boiling  in  tlie  range  67-100*  (27  mni). 

The  trap  contained  7  g  of  substance,  from  whicli  we  Isolated  1.6  g  of  isopropenyl  ethyl  sulfide  wltli  b.  p.  112-114*, 
n“D  1.4755  and  d^^  0.8728. 

13.  g-Chloroisopropyl  phenyl  sulfide.  In  a  tliree- necked  flask,  fitted  with  a  stirrer,  thermometer,  condenser 
and  gas-inlet  tube,  was  placed  25  g  of  isopropenyl  phenyl  sulfide.  Tlien  witli  cooling  to  —  20"  a  stream  of  hydrogen 
chloride  was  passed  in  until  it  began  to  escape  tlirough  the  condenser.  After  this  tlie  excess  Itydrogen  chloride  was 
removed  from  tlie  dark  liquid  using  a  water- jet  pump.  Tlie  increase  in  weight  was  5.1  g.  The  material  was  used 

as  a  sirup  in  the  reactions. 

14.  Hydrolysis  of  g-chloroisopropyl  plicnvl  sulfide.  Into  an  Erlenmeyer  flask  with  ground-glass  stopper 
were  charged  50  ml  of  water  and  the  weighed  sample  of  a-chloroisopropyl  phenyl  sulfide  (0.3-0. 4  g).  After 
shaking,  the  hydrochloric  acid  was  titrated  with  0.1  N  NaOH  solution.  The  amount  of  g-chloridc  was  94-95%. 

15.  Tert-Amyl  phenyl  sulfide.  The  Grignard  reagent  from  4  g  of  magnesium  and  17.6  g  of  ethyl  bromide 
was  added  in  drops  to  30.1  g  of  a-chloroisopropyl  phenyl  sulfide,  diluted  with  diethyl  etlier.  The  flask  was  cooled 
in  ice  water.  The  thick  reaction  mass  was  allowed  to  stand  overnight.  Then  it  was  decomposed  with  10%  HCl 
solution,  and  the  ether  layer  was  washed  witli  sodium  carbonate  solution,  dried,  and  distilled.  We  isolated  7.2  g 
of  tert-amyl  phenyl  sulfide: 

B.  p.  96-98*  (9  mm),  n®D  1.53S7,  d®^  0.9713. 

Found  %;  C  73.02,  73.12;  H  8.75,  8.82;  S  17.95,  17.89.  CnHigS.  Calculated  %:  C  73.29; 

H  8.94;  S  17.72. 

Literature  data;  b.  p.  91-91.5*  (6  mm),  n®D  1.5351,  d“4  0.9679  [12]. 

Operating  in  a  similar  manner,  we  syntlteslzed  1,1-diniethvIbutvl  phenyl  sulfide  in  19%  yield: 

B.  p.  83-84"  (2  mm),  n®D  1.5312,  d®^  0.9575,  MR^  62.81;  Calc.  62.41. 

Found  %:  C  74.00,  74.09;  H  9.50,  9.30;  S  16.42,  16.21.  CijHjsS.  Calculated  %;  C  74.16;  H  9.33; 

S  16.50. 

SUMMARY 

1.  The  reaction  of  tliiophenol  with  methylacetylene  in  alkaline  medium  gives  a  mixture  of  propenyl  and 
Isopropenyl  phenyl  sulfides.  The  structure  of  tlie  sulfides  was  proved  by  chemical  transformations  and  tlie  infrared 
spectra. 

2.  It  was  shown  that  the  technique  of  decomposition  with  an  alcohol  solution  of  mercuric  chloride  can  be 
used  for  tlie  quantitative  determination  of  isopropenyl  phenyl  sulfide. 

3.  In  the  presence  of  a  radical  catalyst  the  propenyl  and  isopropenyl  phenyl  sulfides  add  thiols  with  the 
formation  of  dithioethers. 

4.  It  was  shown  that  Isopropenyl  phenyl  sulfide  behaves  in  the  same  manner  as  tlie  oxygen  analog,  iso- 
propcnyl  phenyl  etlier,  in  ionic  reactions. 

5.  The  following  new  compounds  were  synthesized:  Isopropenyl  phenyl  sulfone,  a-chloroisopropyl  phenyl 
sulfide,  1,1-diniethylbutyl  phenyl  sulfide,  1,2-diplienylmercaptopropane,  l-ethylmercapto- 2- phenyl- mercapto- 
propanc,  and  l-phenylmercapto-2-ethylmercaptopropane. 

LITERATURE  CITED 

[1]  M.  F.  Shosiakovskii  and  E.  P.  Gracheva,  Zhur.  Obshchel  Khim.  23,  1153,  1320  (1953).* 

[2]  M.  F.  Shostakovskii,  E.  P.  Gracheva,  and  N.  K.  Kurbovskaya,  Zhur.  Obshchel  Khim.  28,  1253  (1958).* 

[3]  W.  E.  Truce  and  J.  A.  Simms,  J.  Am.  Chem.  Soc.  78,  2756  (1956). 

•  Original  Russian  pagination.  See  C,  B.  translation. 


88 


[^J  W.  E.  Truce,  J.  A.  Simms,  and  M.  M.  Boudakian^  J.  Am.  Chcm.  Soc.  78,  695  (1956). 

[5]  E.  N.  Karaulova,  D.  Sli.  Meilanova,  and  G.  D.  Gal’pcrn,  Doklady  Akad.  Nauk  SSSR  113,  1280  (1957).* 
[6J  D.  S.  Tarbell  and  M.  A.  McCall,  J.  Am.  Chcm.  Soc.  74,  48  (1952). 

[7j  R.  Escalcs  and  E.  Baumann,  Ber.  19,  1792  (1886). 

[8J  W.  Autenrleih,  Lieb.  Ann.  254,  232  (1889)j  W.  A.  Baldwin  and  R.  Robinson,  J.  Chem.  Soc.  (1932), 
1446;  H.  ir)lmie  and  H.  J.  Gran,  Lleb.  Ann.  577,  74  (1952). 

[9J  L.  J.  Bellamy,  Infrared  Spectra  of  Complex  Molecules  [Russian  translatiou]  (Moscow,  1957),  pp.  54,  59. 

[lOj  M.  F.  Shostakovskli,  E.  N.  Prilezhaeva,  and  N.  1.  Uvarova,  Izvesi.  Akad.  Nauk  SSSR,  Oidel.  Khlm. 

Nauk  (1954),  526;  *(1955),  906.* 

[llj  M.  F.  Shostakovskil,  E.  P.  Gracheva,  and  N.  K.  Kurbovskaya,  Zhur.  Obshchel  Khlm.  28,  2341, 

2344  (1958).  * 

[12]  V.  N.  Ipatlev,  H.  Pines,  and  B.  S.  Friedman,  J.  Am.  Chem.  Soc.  60,  2732  (1938). 

[13]  A.  I.  Vogel,  J.  Chem.  Soc.  (1948), '  1820. 

[14]  W.  Reppe,  Ueb.  Ann.  601,  118  (1956). 

[15]  F.  G.  Bordwell,  H.  M.  Andersen,  and  B.  M.  Pitt,  J.  Am.  Chem.  Soc.  76,  1085  (1954);  W.  A.  Baldwin 
and  R.  Robinson,  J.  Chem.  Soc.  (1932),  1446. 

[16]  D.  S.  Tarbell  and  W.  E.  Lovett,  J.  Am.  Chem.  Soc.  78,  2263  (1956). 


•  Original  Russian  pagination.  See  C.  B.  translation. 


89 


SYNTHESIS  OF  ALIPHATIC  AROMATIC  SILANES  AND 


THEIR  DEHYDROGENATION 

A.  A.  Balandin,  A.  D.  Petrov,  G.  M.  Marukyan,  E.  A.  Chernyshev, 

I.  I.  Brusoy,  S.  I.  Sadykh-zade,  R.  G.  Selmovlch,  and 
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N.  D.  Zellnskii  Institute  of  Organic  Cliemistry,  Academy  of  Sciences  of  the  USSR 
Translated  from:  Zhurnal  Obshchci  Kliimii,  Vol.  30,  No.  1,  pp.  87-91,  January,  1960 
Original  article  submitted  January  21,  1959 

The  chemistry  of  unsaturated  silanes  is  of  great  scientific  and  practical  interest.  Similar  to  styrene  and  its 
homologs,  nnsaturated  alipliatic  aromatic  organosilicon  compounds  are  easily  polymerized,  and  their  copolymers 
possess  valuable  teclinlcal  properties  [Ij.  In  recent  years  many  papers  have  appeared  in  the  literature  on  the 
synthesis  of  unsaturated  organosilicon  compounds,  mainly  in  the  aliphatic  series  [23.  In  studying  the  dehydro¬ 
genation  of  tetraethylsilane  on  chromium  catalyst  it  was  found  by  B.  N.  Dolgov  and  co-workers  [3]  that  the  com¬ 
pound  begins  to  decompose  as  low  as  510-530*,  and  the  formation  of  triethylvinyl  silane  fails  to  occur.  Later 
Dolgov  and  co-workers  [4]  subjected  rrimethylbutylsllane  to  dehydrogenation  at  550-575*,  and  here  tliey  obtained 
up  to  an  S.G^/o  yield  of  trimetliylbutenylsilane,  based  on  trimethylbutylsilane  passed  through. 

Information  on  the  catalytic  dehydrogenation  of  aliphatic  aromatic  silanes  is  lacking  in  the  literature,  for 
which  reason  we  deemed  it  interesting  to  syntliesize  the  latter  and  subject  them  to  dehydrogenation.  In  principle, 

the  dehydrogenation  of  aliphatic  aromatic  silanes  to  the  corresponding  silicon- 
CjHijCHjCHjSiCljCH  containing  styrenes  differs  but  slightly  from  tlie  dehydrogenation  of  monoalkyl- 
benzenes.  According  to  the  multiplet  theory  [5],  for  dehydrogenation  to  take 
place  tlie  side  chain  of  the  aliphatic  aromatic  silane  should  be  located  in 
doublet  fashion  on  the  surface  of  the  catalyst  atom. 

Together  with  dehydrogenation,  where  the  C  — H  bonds  are  activated,  it  is  also  possible  for  cleavage  to 
occur  wiUi  a  rupture  of  the  C  — C  bonds,  which  is  confirmed  by  the  presence  of  low- boiling  products  in  die  liquid 
catalyzate,  and  of  ethylene  and  methane  in  the  escaping  gas. 

To  obtain  the  aliphatic  aromatic  silanes  we  synthesized  divinylbenzene  and  ediylstyrene  by  die  catalytic 
dehydrogenation  of  diediylbenzene  (mixture  of  die  three  isomers):  b.  p.  179-185*,  n^D  1.4939  and  d®4  0.8590. 

Diethylbenzene  was  passed  over  a  mixed  oxide  catalyst  (A)  at  GOO -6 25*  in  die  presence  of  steam.  The 
dehydrogenation  was  run  in  the  standard  setup  for  the  syndiesis  of  divinylbenzene  [6J.  To  obtain  die  silanes,  we 
took  the  diediylbenzene  catalyzate,  n^D  1.5305,  contahiing  20‘'!o  divinylbenzene  and  40'’/o  ediylstyrene.  The 
amount  of  divinylbenzene  and  ediylstyrene  in  the  catalyzate  was  determined  by  the  nitrosite  mediod  [7]. 

C2H5CoH4CH..CIl2SiCl2Cll3  GIl3Cl2SiCIl2CH2GGH4CH2CH2SiCl2GH.., 

(I)  (ii 


(CH3)3SiCcll4C2ll5  CH2--CH(:,;H4CH2CH2Si(:i.,(:H;, 
(III)  (IV) 
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EXPERIMENTAL 


1-Eihylpheiiyl-  2- inctliyldic  liloro- ilylcilianc  (IJ.  In  a  three- necked  fla?k,  fined  with  a  reflux  condenser, 
mechanical  stirrer  and  dropping  funnel,  was  placed  250  g  of  a  mixture  composed  of  -lO'yo  ethylstyrene,  20'7o 
divinylbenzene  and  dieiliylbenzene.  Then  1  ml  of  an  0,1  N  isopropyl  alcohol  solution  of  H2P1CIJ  was  added 
to  die  mixture  with  stirring.  Tliis  was  followed  by  the  addition  of  150  g  of  methyldichlorosilane  with  stirring, 
after  which  the  mixture  was  heated  slowly  in  2  hours  to  05*.  After  distilling  off  die  unreacted  methyldichloro¬ 
silane,  the  residue  (385  g)  was  vacuum-distilled.  Here  we  isolated  142  g  of  a  fraction  widi  b.  p.  87-89*  (1  mm), 
n^D  1.5140  and  d^^  1.0937,  which  was  l-ediylphenyl-2- methyldichlorosilylethane  (1). 

Found  %;  C  53.26  ,  53.65;  H  6.54,  6.53;  Cl  28.62,  28.84;  Si  11.56,  11.39.  CuHijClzSi. 

Calculated  7o:  C  53,46;  H  6.88;  Cl  28.33;  Si  11.35. 

The  second  fraction  (56  g),  b.  p,  140-141*  (1mm),  n®D  1.5220,  and  d®^  1.1073,  was  bis(2-methyl- 
dlchlorosilylediyObenzene  (II). 

Found  7o:  Si  14.89,  Ci2lIi8Cl4Si2.  Calculated  %:  Si  15.50. 

Trimedtvlsilylethylbenzene  (111).  (CH3)3SiCl  (1.5  moles)  was  added  in  45  minutes  to  dte  Grignard 
reagent  obtained  from  160  g  of  bromo-ediylbenzene  and  20.6  g  of  Mg  in  300  ml  of  absolute  edier,  A  slight 
heating  up  of  the  mixture  was  observed,  as  well  as  the  formation  of  a  precipitate.  The  mixture  was  heated  on 
the  water  bath  for  4  hours,  and  dien  worked  up  in  conventional  manner.  Fractional  distillation  gave  38  g  of 
(III): 

B.p.  205-208*  (752  mm),  n®D  1.4905,  d“4  0.8843,  MRq  58.81;  Calc.  59.58. 

Found  <70:  C  73.95,  74.10;  H  10.09,  10.12;  Si  15.42,  15.80.  C^HuSi.  Calculated  <70:  C  74.16; 

H  10.11;  Si  15.73. 

The  dehydrogenation  of  l-ethylphenyl-2-methyldichlorosilylethane  (I)  was  run  in  a  conventional 
catalytic  furnace,  using  a  mixed  oxide  catalyst  (A),  at  atmospheric  pressure,  without  a  diluent.  The  space 
velocity  was  0.15-0.35  hr"^.  The  temperature  was  measured  wiUi  the  thermocouple  located  inside  the  catalyst 
layer.  1-Etliylphenyl- 2- metliyldichlorosilylethane  was  fed  from  a  buret  into  the  quartz  reaction  tube  (d  15  mm), 
contained  in  an  inclined  electric  furnace.  First,  the  system  was  blown  witlt  nitrogen  to  completely  remove  air 
and  moisture.  The  liquid  reaction  products  were  collected  in  tlie  receiver,  while  the  gases  and  uncondensed 
vapors  passed  through  a  reflux  condenser  into  a  graduated  gasometer  containing  saturated  NaCl  solution.  The 
escaping  gases  were  analyzed  in  an  Orsat  apparatus  and  also  chromatographically  using  a  special  column  [8]. 

The  amount  of  unsaturates  in  the  catalyzate  was  determined  by  bromine  titration  [9].  The  results  of  the  experi¬ 
ments  (see  Table  l)  revealed  that  the  dehydrogenation,  as  was  predicted  by  the  multiplet  tlieory,  might  possibly 

TABLE  1 

Dehydrogenation  of  l-Ethylphenyl-2-methyldichlorosilylethane  (I)  on  Mi.xed  Oxide  Catalyst  A 

(Catalyst  Volume  25  ml) 


Expt.  No, 

Experiment  ^ 
temperature 

Reaction 

time  (hr) 

Space  velo¬ 
city  of  adding 
the  compouiu 

(hr“^) 

Cataly- 
1  zate  1 

Amount  of 
unsaturates 

yield 

(wt.  °]o)  j 

incataly-  j 
zate  (%) 

in  the  gas 
(vol.  °Jo) 

1 

536—538° 

2 

0.2.') 

56.5 

15 

1.2 

2 

500 

2.5 

0..35 

94.0 

26.3 

0.8 

3 

600 

2.5 

0.30 

87.3 

50.1 

0.2 

4 

500—509 

2.5 

0.2 

93.7 

18.7 

— 

5 

520 

3 

0.15 

76.4 

12.0 

— 

6  i 

490-505 

3 

0.24 

87.2 

21.1 

— 

7  j 

502—507 

3 

0.265 

1 

89.3 

27.7 

— 
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go  at  a  temperature  even  lower  than  that  ordinarily  required  for  the  dehydrogenation  of  ethylbenzene.  The 
catalyst  (A)  used  by  us  was  die  same  as  that  used  for  the  deliydrogcnailon  of  ethylbenzene  and  its  homologs. 

As  die  data  in  Table  1  show,  the  substance  decomposes  at  r>36-538*,  the  yield  of  catalyzate  is  56.57ot  ^^nd  the 
amount  of  unsaturates  in  die  gas  Is  1.2'7'’.  When  die  temperature  is  reduced  to  500*  the  yield  of  catalyzate  is 
87-89. and  the  amount  of  unsauitates  in  the  gas  is  0.2-0.S  ’/o.  Elemental  analysis  of  the  catalyzate  revealed 
diat  both  chlorine  and  silicon  are  retained  in  die  molecule.  Due  to  the  closeness  of  the  boiling  points,  die 
starting  sulisiance  and  the  dehydrogenation  product  could  not  be  separated  by  fractional  distillation.  In  addition, 
die  distillation  of  the  catalyzate,  even  in  the  presence  of  a  stabilizer,  caused  a  substantial  portion  of  the  un- 
saturated  products  to  polymerize.  The  fractional  distillation  of  19  g  of  the  catalyzate  from  E.xpt.  7  gave  the 
following  frai  tions,  with  the  constants; 

1st,  b.  p.  G6-140"  (23  mm),  2.G  g,  n^D  1.50G2,  amoitnt  of  unsaturates  27.8‘yo}  2nd,  b.  p.  141-143* 

(23  mm),  12  g,  n^D  1.5181,  amount  of  unsaturates  31. 7*^0;  3rd,  b.  p.  161*  (26  mm),  0.5  g,  n^D  1.5273, 
amount  of  tinsaiurates  41.4'’/o;  die  residue  (1.8  g)  was  a  polymer. 

The  2nd  fraction  was  a  mixture  of  starting  substance  (I)  and  silicon- containing  styrene  (IV), 

Found '’a.;  C  53.65,  53.82;  H  6.49,  6.51;  Cl  27.98,  27.81;  Si  11.71,  11.95.  CiiHi4Cl2Si. 

Calculated'’/!);  C  53.88;  11  5.71;  Cl  28.99;  Si  11.42.  CuHigCl^Si.  Calculated 'Vo;  C  53.46;  H  6.88; 

Cl  28.33;  Si  11.33. 

In  Expt.  3  (Table  1)  the  amount  of  unsaturates  in  die  catalyzate  reached  50.1*70,  but  then  the  amount  of 
unsaturates  dropped  sharply  (Expts.  4-7),  apparently  because  die  catalyst  was  poisoned  by  the  reaction  products; 
the  catalyst  on  removal  proved  to  be  highly  disintegrated,  although  normally  it  is  mechanically  stable.  We  also 
tested  a  catalyst  prepared  from  Cu  —  Al  alloy  (leached)  for  the  indicated  reaction.  The  dehydrogenation  of 
l-cthylplienyl-2-metliyldichlorosilylediane  (l)  was  run  at  500"  and  445-450*,  using  a  feed  rate  of  0.30-0.50  hr"^. 
'I’hese  experiments  revealed  that  a  temperature  of  500"  is  slightly  too  high  for  diis  catalyst;  a  major  decomposition 
of  the  substance  occurs,  and  die  catalyzate  yield  is  only  56'’/o.  The  amount  of  unsaturates  in  the  catalyzate  is 
21.8‘’/o.  At  445-150"  the  catalyzate  yield  is  887o,  The  amount  of  unsaturaies  in  the  catalyzate  is  24.8'.yo.  It  can 
be  seen  that  a  temperature  of  445-450*  is  the  optimum  for  diis  catalyst.  The  search  for  catalysts  for  die  dehydro¬ 
genation  of  aliphatic  aromatic  silanes  continues. 

Dehydrogenation  of  bis(2-methyldichlorosiivlethvl)henzene  (II).  This  hydrogenation  was  run  at  495-505* 
using  mixed  oxide  catalyst  (B)  and  a  silane  feed-rate  of  0.28  hr"^.  The  total  amount  of  substance  passed  through 
was  13  ml,  but  here  we  failed  to  obtain  a  liquid  catalyzate;  instead  we  collected  1.28  liters  of  a  gas  containing 
57o  ediylene  and  207o  hydrogen.  The  second  experiment  was  run  at  450",  and  here  17  g  of  the  compound  was 
passed  over  the  catalyst,  but  again  we  failed  to  obtain  a  liquid  catalyzate.  After  the  two  experiments.  It  was 
found  diat  die  catalyst  tube  contained  a  rubberlike  polymer. 

The  dehydrogenation  of  trimethylsilvlethylbcnzcne  (111)  was  run  over  die  same  catalyst  at  550-560",  wldiout 
diluent,  and  with  a  feed  rate  of  0.3  hr‘^.  Before  experiment  the  system  was  blown  widi  nitrogen.  The  yield  of 
catalyzate  was  877o,  n'^D  1.4975.  The  gas  was  analyzed  chromatographically  [8J.  The  analysis  revealed  a  very 
high  methane  content  of  39.2  /0  in  the  gas,  while  the  hydrogen  content  was  53.7'Yo.  Hie  catalyzate  from  two  ex¬ 
periments  (18.6  g)  was  frar  tlonally  distilled. 

1st  fraction,  b.  p.  28-68*  (25  mm),  2.15  g,  n®D  1.4855,  d^4  0.8078. 

Found  Yo;  C  81.54,  81.74;  H  9.78,  9.85;  Si  5.70,  6.00,  unsaturates  50.7  (strong  odor  of  ediylbenzene). 

2nd  fraction,  b.  p.  69-100*  (25  mm),  5.45  g,  n^D  1.5003,  d“4  0.822. 

Found ’/o;  C  76.31,  76.26;  H  9.88,  10.07;  Si  11.6,  11.42;  unsaturates  95.0. 

3rd  fraction,  b.  p.  102-106*  (25  mm),  8.85  g,  n^D  1.4995,  d^^  0.8153. 

Found  C  80.22,  80.48;  H  10.31,  10.49;  Si  10,01,  9.86;  unsaturates  97.6.  CiiHjgSl. 

Calculated  <7o;  C  74.89;  H  9.09;  Si  15.93. 

It  is  obvious  that  the  dehydrogenation  was  accompanied  by  cracking  reactions,  mainly  at  the  S1“C  bond, 
which  was  responsible  for  die  low  amount  of  silicon  in  die  reaction  products. 
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Fractional  distillation  of  tiie  catalyzate  and  analysts  of  the  gas,*  obtained  at  hSO-hGO*,  also  revealed 
that  besides  dehydrogenation  the  trlniethylsllylcthylbcnzcne  suffered  cleavage  with  the  foriiiation  of  etliylbcnzcne 
and  other  liquid  and  gaseous  by-products,  mainly  methane.  Our  experiments  with  trlmethylsllylethylbenzcne 
continue. 

Tlte  dehydrogenation  of  trichlorocthylsilane  (b.  p.  97-98*,  n*D  1.4230,  d®’^  1.15)  was  nin  on  an  oxide 
catalyst  that  had  been  prepared  from  a  mixture  of  ferric  and  copper  nitrates,  and  whose  activity  had  been  pre¬ 
viously  tested  on  ethylbenzene.  The  experiments  were  started  at  574-579*,  but  at  this  temperature  tlie  trl- 
chloroethylsllane  decotuposed  completely  wlili  the  formation  of  gaseous  products.  Reducing  the  temperature  of 
the  experiments  to  425-518*  gave  a  liciuid  catalyzate  containing  a  small  amount  of  unsaturates  (Table  2).  The 
composition  of  tlie  gas  from  some  of  the  experiments  is  given  In  Table  3.  The  data  In  Tables  2  and  3  show  that 


TABLE  2 

Dv^’v.l  vjj’enatlon  of  Trichloroethylene  (Catalyst  Volume  25  ml) 


'  V 

hxpt. 

temp. 

Reaction 

time 

(min) 

Space 
velocity 
of  addi¬ 
tion 
(hr-i) 

Amount  of 
substance 
passed 
through 
(in  g) 

Amt,  0 
catalyi 
obtain 

g 

:ate 

yl _ 

“,0 

Amt.  of 
gas 

collected 

(in 

liters) 

Amt.  of  un¬ 
saturates  in 
catalyzate 
(in  <^o) 

10 

574—579° 

60 

0.2 

6.0 

0.0 

0.0 

1.17 

— 

11 

425—430 

00 

0.224 

6.5 

3.5 

53.8 

0.225 

7.9 

12 

518 

120 

0.24 

13.8 

10.0 

0.588 

4.1 

13 

428 

90 

0.18 

12.5 

10.3 

82.5 

— 

5.4 

14 

450 

255 

0.144 

17.6 

5.5 

88.1 

0.179 

4.4 

15 

440 

75 

0.42 

15.1 

5.0 

.33.0 

0.38 

6.7 

10 

435 

105 

0.21 

21.9 

1.3.0 

59.3 

0.944 

6.7 

TABLE  3 


Analysis  of  Gaseous  Reaction  Products  from  the  Dehydrogenation 
of  Trichloroethylsllane  (Volume  *70) 


Expt.  No, 

H, 

CM, 

C,H, 

c.n. 

10 

24.4 

Not  determined 

9.6 

Not  determined 

12 

17.0 

The  same 

5.6 

The  <ame 

15 

1.5.6 

4.3 

16.7 

63.5 

16 

28.7 

1 

3.7 

2.6 

6.5.0 

even  at  425-430*  (using  the  Indicated  catalyst)  there  is  profound  decomposition  of  the  trichloroethylsllane 
molecule  witli  the  formation  of  ethane,  ethylene,  and  methane.  The  amount  of  dehydrogenation  proved  to  be 
very  small.  The  yield  of  vinyltrichlorosllane  was  approximately  tlte  same  as  in  its  direct  synthesis  from  vinyl 
chloride  [10]. 


•  Analysis  of  the  gas  by  the  chromatographic  column  technique  was  made  by  T.  K.  Lavrovskaya,  for  which 
we  wish  to  thank  her. 
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SUMMARY 


1.  It  was  shown  iliat  ] -ctliylphenyl-2-mctliyldIchlorosllyletliane  when  passed  over  a  mixed  oxide  catalyst 
at  490-500*  is  readily  dehydrogenated  to  the  corresponding  silicon- containing  styrene.  In  tlie  case  of  trimetliyl' 
sllyletliylbcnzene,  together  with  dehydrogenation,  substantial  cleavage  occurs. 

2.  It  was  shown  that  under  the  same  conditions  the  dehydrogenation  of  trichloroetltylsilane  is  only  slight; 
here  the  main  reaction  is  profound  decomposition  of  the  trlciiloroeiliylsilane  with  the  formation  of  by-products. 
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1- ALKYL- 8- HYDIIOXYQUINOLINIUM  SALTS 
I.  S.  Ioffe  and  N.  A.  Selezneva 

Translated  from;  Zhutnal  Obshchei  Khlmii,  Vol.  30,  No.  1,  pp.  91-93,  January,  1960. 
Original  article  submitted  January  9,  1959 


Of  tlte  l-aIkyl-8-hydroxyqulnolinium  salts  of  general  structure  (I) 


only  the  hydrlodides  of  the  N- methyl  and  N-ethyl  derivatives  have  been  described  up  to  now  [1-5].  To.  syn¬ 
thesize  related  compounds,  containing  alkyl  radicals  with  longer  carbon  chains  on  the  quaternary  nitrogen  atom, 
we  reacted  8-hydroxyquinoiine  witli  some  alkyl  iodides  and  obtained  the  corresponding  N-butyl-,  N-octyl-  and 
N-cetyl-8-hydroxyquinolinium  hydrlodides.  For  comparison,  we  also  prepared  the  previously  described  1-ethyl- 
8-hydroxyquinolinium  iodide  and  the  N- unsubstituted  8-hydroxyquinolinium  hydriodide. 


e 


m  500  600  \ 


Azo  dyes  of  general  formula  (II). 

1)  R  =  H;  2)  R=C2H5;  3)  R=C4H,; 
4)  R  =  C8Hj7{  5)  R  =  C15H33. 


In  contrast  to  the  N-ethyl  and  N-butyl  derivatives,  the  higher 
homologs  of  the  l-alkyl-8-hydroxyquinoliniuin  hydrlodides  are  not 
precipitated  by  ether  from  their  alcohol  solutions.  On  dilution  of 
the  alcohol  solutions  with  water  these  salts  precipitate  along  with 
tarry  impurities.  For  purification,  we  treated  all  of  the  salts  with 
silver  oxide,  and  the  addition  of  the  thus  obtained  hydroxides  to  an 
alcohol  solution  of  picric  acid  gave  tlie  corresponding  picrates, 
which  cr\-stallize  readily  from  alcohol  and  have  sharp  melting  points. 
The  melting  points  decrease  in  regular  fashion  as  the  length  of  the 
carbon  chain  in  tlte  alkyl  radical  of  tire  N-alkyl-8-hydroxyquinolinium 
salt  increases.  We  also  studied  the  behavior  of  the  1-alkyl- 8-hydtoxy- 
qulnolinium  salts  in  tire  azo- coupling  reaction.  It  proved  tliat  they, 
similar  to  tlte  unsubstituted  8-hydroxyquinoline,  react  with  dlazo 
compounds  witliout  affecting  tlte  alkyl  radical  on  the  nitrogen. 

Using  sulfanilic  acid  as  the  diazo  component,  we  synthesized 
some  azo  dyes  of  general  structure  (II),  All  of  die  dyes  dissolve  in 
alkali  with  a  brown- red  color  and  arc  precipitated  on  die  addition 
of  strong  acid.  The  dyes  were  purified  by  recrysiallizatlon  from 
dilute  alcohol.  They  hardly  change  in  color  when  die  pH  of  the 
medium  is  varied.  Visually,  all  of  the  dyes  have  a  similar  color. 


but  as  can  be  seen  from  a  comparison  of  the  absorption  spectra  of  die  dyes,  increasing  die  length  of  the  carbon 


chain  in  the  alkyl  radical  on  die  nitrogen  causes  a  definite  badiochromic  effect  (Figure). 
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EXPERIMENTAL 


1.  1- Alky  1-8-hydroxyqiiiiiolin turn  salts.  Five  grams  of  8-hydroxyqiiinoline  was  heated  with  double  the 
theoretical  amount  of  the  proper  alkyl  iodide  in  sealed  tubes  at  110-115*  for  8  days.  In  the  case  of  die  N-ediyl- 
and  N-butyl-8-hydroxyqiiinoliniiim  iodides,  after  opening  the  tubes,  die  excess  ethyl  iodide  and  butyl  iodide 
were  distilled  off,  and  the  salts  were  purified  by  repeated  solution  in  alcohol  and  precipitation  with  ether. 
l-Ethyl-8-hydroxyqulnolinium  iodide  was  obtained  as  yellow  crystals  with  m.  p.  129-132*,  and  l-butyl--8- 
hydroxyquinolinium  iodide  was  obtained  as  dark  yellow  crystals  with  m.  p.  1G2-1G4*.  In  die  case  of  1-octyl- 
8-hydroxyquinolinium  iodide  the  contents  of  die  ampul  were  poured  into  50%  alcoliol,  in  which  octyl  iodide 

Is  insoluble.  The  salt  was  precipitated  from  the  alcohol  solution  widi  water;  the  l-octyl-8-hydroxyquinolinium 
iodide  crystallized  after  long  standing,  but  it  had  a  very  broad  melting  range  of  about  50*.  In  the  case  of 
hexadccyl-8-hydroxyquinolinium  hydriodide  we  were  unable  to  obtain  the  salt  in  a  pure  state,  since  the  pro¬ 
cedure  of  dissolving  in  alcohol  and  precipitation  widi  water  caused  a  partial  precipitation  of  the  cetyl  iodide. 

2.  1- Alkyl- 8-hydroxy  quinoliniuni  pic  rates.  All  of  die  l-alkyl-8-hydroxyqulnolinium  salts  when  treated 
with  moist  sliver  oxide  gave  the  corresponding  bases,  wiiich  proved  to  be  extremely  hygroscopic  and  separated 
as  garnet- red  sticky  masses,  failing  to  crystallize  even  on  long  standing.  Tlie  addition  of  picric  acid  solution 
to  an  alcoliol  solution  of  the  base  caused  die  corresponding  picrate  to  separate,  which  were  all  purified  by  re¬ 
crystallization  from  alcohol.  The  melting  points  of  these  picrates  and  the  analysis  results  are  given  in  Table  1. 


TABLE  1 


Picrate 

.J 

Melting 

point 

Found  %: 

N 

Empirical 

formula 

Calculated  ‘ 

N 

l-ElhyI-8-hydroxyquInoliniuni 

185° 

13.75 

Civllj^NjOg 

13.90 

1-Butyl- 8-hydroxy  quinoliniuni 

172 

13.31 

13.00 

l-Octyl-8-hvdro,xyquluoliniuni 

138 

11.23 

0231120*^'  1^8 

11.55 

l-lIexadccyf-8-liydroxy- 

quinolinium 

112 

9.70 

C31 

9.38 

3.  Azo  dyes  from  l-alkvl-8-hvdroxvqiiinolinium  salts.  VVe  took  0.01  mole  each  of  the  different  N-alkyl- 
8-hydroxyquinolinium  hydrlodides  as  die  azo  components.  The  diazo  solution  was  prepared  from  0.01  mole  of 
sulfanilic  acid  and  0.01  mole  of  sodium  nitrite  in  acid  medium.  The  azo  coupling  was  run  in  the  presence  of 
0.02  mole  of  alkali;  here  dark  red  solutions  widi  a  small  amount  of  precipitate  were  obuined  in  all  cases.  The 
addition  of  hydrochloric  acid  gave  a  copious  precipitate.  The  obtained  dyes  were  recrystallized  from  dilute 
alcohol. 

The  analysis  results  for  the  azo  dyes  are  given  in  Table  2. 


TABLE  2 


Azo  dye  of  general 
formula  (II)  from: 


1-Ethy  1-8-hydroxy  qulnolium 
l-Bntyl-8-hydtoxyquinolinium 
1  -  Octyl-  S-hy  droxyqnlnoliniuni 
l-llcxadecyl-8-hydroxy- 
quinoliniuni 


12.35 

10.99 

10.18 

7.01 


Empirical 

formula 


Ci7n,r,N30^S 
C23 1 1 27  ^  .T  0 1  ^ 


Calculated 'Vo; 
N 


11.72 

10.85 

9.52 

7.58 
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SU  MM  ARY 

1.  Condensation  of  8-hydroxyqiilnoline  with  butyl  Iodide,  oetyl  iodide  and  cetyl  Iodide  gave  the 
corresponding  N-alkyl-8-hydroxyquInollnliiin  salts,  which  were  purified  as  tlie  piciatcs. 

2.  Tlie  N-all<yl-8-hydroxyquInolinluni  hydroxides  enter  into  the  azo-coupling  reaction,  with  retention 
of  the  alkyl  radical  on  the  nitrogen  unchanged.  Reaction  of  tlie  bases  with  sulfanllic  acid  gave  brown-red  azo 
dyes,  with  a  deepening  of  die  color  as  the  lengUi  of  the  carbon  chain  in  die  alkyl  radical  Increased. 
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The  alkylation  of  phenol  in  the  vapor  phase  is  discussed  mainly  in  the  patent  literature  [1-7].  Aliphatic 
alcohols  and  olefins  serve  as  die  alkylating  agents,  while  acids  deposited  on  carriers  [1,  2],  salts  [1-4],  and  oxides 
[5-17]  are  used  as  catalysts.  In  many  cases  die  reaction  is  run  at  elevated  pressure.  The  oxide  catalysts,  AI2O3, 
Th02+  A1203,  and  gumbrin,  are  used  in  die  alkylation  of  phenol  with  methyl  and  ethyl  alcohols  at  350-500*  and 
atmosplieric  pressure;  the  yields  of  nionoalkylphenols  range  from  52  to  70%  [11-16].  When  phenol  was  alkylated 
widi  Isobutylene  at  160*  in  the  presence  of  aluminosilicate  the  yield  of  monobutylphenol  was  10%,  and  that  of 
dilsobutylphenol  was  48%  [17],  The  alkylation  of  phenol  widi  propylene  was  run  at  150-200*  and  elevated 
pressure  in  the  presence  of  an  oxide  catalyst,  contaliung  aluminum  oxide  and  silica.  The  yield  of  monoiso- 
propylphenols  was  about  6%;  along  widi  isopropylphenol,  a  substantial  amount  of  Isopropyl  phenyl  ether  was  ob¬ 
tained  [10]. 

Tlie  present  paper  is  a  continuation  of  out  studies  on  the  alkylation  of  benzene  and  its  derivatives  with 
isopropyl  alcohol,  and  its  purpose  is  to  ascertain  the  effect  exerted  by  the  hydroxyl  group  on  die  alkylation 
reaction.  The  reaction  was  run  on  aluminosilicate  catalyst  in  die  vapor  phase  at  atmospheric  pressure.  It  was 
learned  that  high  yields  (about  957o)  of  monoisopropylphenol  are  obtained  under  these  conditions,  composed 
mainly  of  the  p- Isomer  with  some  of  the  o- isomer  as  impurity.  We  were  unable  to  detect  eitlier  m- isopropylphenol 
or  Isopropyl  phenyl  ether  in  the  reaction  products. 

The  optimum  conditions  for  running  die  reaction  must  be  assumed  to  be  a  temperature  of  210-230*  and  a 
space  velocity  of  0.2  hr“^  for  adding  die  reaction  mixture.  The  composition  of  die  reactant  mixture  exerts  a 
great  influence  on  die  yield  of  isopropylphenols.  Increasing  the  phenol  concentration  in  the  mixture  to  20  moles 
per  mole  of  alcohol  favors  a  decrease  in  the  yields  of  diisopropylphenols  and  an  increase  in  the  yields  of  mono- 
Isopropylpheiiols  up  to  81%.  The  yield  of  monoisopropylphenols  rises  to  95%  when  die  unrcacted  phenol  is  reused. 
Increasing  the  alcohol  concentration  in  the  reaction  mixture  favors  die  formation  of  dialkyl  products.  It  was 
established  that  die  activity  of  the  catalyst  remains  high  for  19  hours,  and  then  it  drops  sharply.  The  activity  of 
the  catalyst  is  restored  completely  by  passing  a  strong  stream  of  dry  air  dirough  the  apparatus  for  2-2.5  hours  at 
500-550*.  An  increase  in  the  yield  of  isopropylphenol  (63.5%)  when  compared  with  the  yield  of  isopropylbenzene 
(59%)  is  in  agreement  with  die  ability  of  orienting  agents  of  die  first  kind  to  strongly  Inerease  the  electron  density 
of  the  ring,  which  explains  die  greater  ease  with  which  phenol  enters  into  electrophilic  substitution  reactions. 

The  mechanism  for  die  alkylation  of  phenol  by  alcohols  in  die  presence  of  acid  catalysts,  in  particular, 
aluminosilicate  catalysts,  has  not  been  elucidated  conclusively.  At  the  present  time,  the  opinion  exists  [16,  12] 
that  die  intermediate  stage  in  the  alkylation  of  phenol  by  alcohols  over  aluminum  oxide  and  gumbrin  are  phenol 
ediers,  with  their  subsequent  rearrangement  to  alkylphcnols, 

Tlie  results  obtained  by  us  do  not  permit  die  assumption  diat  die  alkylation  of  phenol  with  isopropyl  alcohol 
under  our  conditions  goes  dirough  die  stage  of  forming  Isopropyl  phenyl  ether.  Tliis  is  based  on  the  fact  that  neutral 
products  (isopropyl  phenyl  ether)  are  absent  in  die  catalyzates,  and  also  because  of  the  rapid  rate  widi  which  iso¬ 
propyl  alcohol  deiiydratcs  to  propylene. 
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Tlic  alkylation  of  benzene  wltli  olefins  in  the  presence  of  acid  catalysis  Is  explained  [18]  by  the  fortnation 
of  carboninni  ions  in  the  reaction  process,  wltich  alkylate  the  benzene.  Wc  consider  it  possible  to  use  die  same 
mechanism  In  explaining  the  reaction  investigated  by  ns,  similar  to  wliat  was  done  earlier  [19j. 


C,I!,()1I  —  f’.M,  =.  CM  —  Cll. 
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EXPERIMENTAL 

Tlie  reaction  was  run  over  commercial  alntninosllicate  bead  catalyst  under  conditions  similar  to  diose 
described  In  a  previous  paper  [20],  The  starting  materials,  purified  and  distilled  in  advance,  had  constants 
corresponding  to  those  given  in  the  literature.  The  alkylation  products,  die  monoisopropylphenol  fraction,  was 
collected  in  die  interval  200-231*,  since  according  to  the  literature  die  boiling  point  of  o-isopropylphenol  Is 
204  and  214.5*  (760  mm);  m.  p.  16*,  n^'^D  1.5310,  d®4  1.0140  [21,  22]j  that  of  p-isopropylphenol  Is  228.21* 

(760  mm);  m.  p.  61*,  n^D  1.5228,  d^^  0.982^1  [21,  24,  25];  and  that  of  m-lsopropylphenol  is  228*  (760  mm)| 
m.  p.  26*,  d®4  0.9929  [21,  26,  13].  The  yield  of  alkylation  products  was  based  on  the  alcohol  taken  for  reaction. 


Fig.  1.  Dependence  of  the  yields  of  mono- 
Isopropylphenols  on  the  reaction  temperature. 
Space  velocity  0.2  hr"^;  phenol  :alcohol 
ratio  =  6:1. 


Fig.  2.  Dependence  of  die  yields  of 
monoisopropylphenols  on  die  space 
velocity  of  adding  the  reactant  mixture. 
Phenol  ;alcohol  ratio  =  6:1;  210*. 


The  effect  of  temperature  on  the  yield  of  isopropylphenol  was  investigated  at  a  phenol : alcohol  ratio  of 
6:1*  and  a  space  velocity  of  0.2  hr‘^  for  adding  the  reactant  mixture  (Fig.  1). 

Effect  of  the  rate,  of  addition  of  the  reactant  mixture.  The  experiments  were  run  at  210*  using  a  mixture 
with  the  above  indicated  composition;  die  space  velocity  was  varied  from  0.1  to  1  hr"^  (Fig*  2). 

Effect  of  the  composition  of  the  starting  mixture.  The  experiments  were  run  at  210*  and  a  space  velocity 
of  0.2  lir"^  for  adding  the  reactant  mixture.  The  mole  ratio  of  the  reaction  components  in  one  series  of  experi¬ 
ments  was  varied  from  2  to  20  moles  of  phenol  per  mole  of  alcohol.  In  some  of  the  experiments  we  used  pure 
phenol  (l),  while  In  odier  experiments  we  used  die  unreacted  phenol  (11)  recovered  from  previous  experiments 
(die  fraction  boiling  at  170-200“);  dils  fraction,  based  on  the  data  of  our  earlier  papers  [20],  contains  propylene 
polymers,  boiling  up  to  200*,  and  functioning  as  peculiar  catalysts  for  the  indicated  reaction.  In  another  series 
of  experiments  die  ratio  of  the  components  was  varied  from  1  to  20  moles  of  alcohol  per  mole  of  phenol  (Figs. 
3-5). 


’  We  took  a  ratio  of  6  :1  in  order  to  be  able  to  compare  the  results  obtained  in  die  present  investigation  with 
diose  obtained  in  previous  papers  [20  ,  27]. 
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The  active  life  of  ilie  catalyst  vas  studied  for  a  period  of  25  hours  at  a  phenol  lalcohol  ratio  of  6  ;1,  a 
lenjpcrature  of  210*,  and  a  space  velocity  of  0.2  hr”^.  From  Fig.  6  it  can  be  seen  Uiat  tlie  activity  of  the  catalyst 
increases  in  Uie  first  tliree  hours  and  reaches  a  maximum  during  the  4-5tli  hour  of  operation  (die  yield  of  iso- 
propylptienols  reaches  757o),  after  which  it  drops  somewhat  and  remains  constant  (657o)  for  another  14  hours. 

After  19  hours  of  operation  tlie  activity  of  the  catalyst  drops  sharply. 


Fig.  3.  Relation  between  tlie  yields  of 
monoisopropylphenols  and  the  ratio  of  tlie 
components  in  tlie  phenol : alcohol  mixture 
at  210“  and  a  space  velocity  of  0.2  hr 
l)  Pure  phenol;  2)  unrcacted  phenol. 


% 


Fig.  4.  Relation  between  the  yields 
of  monoisopropylphenols  and  the 
ratio  of  the  components  in  tlie 
phenol ; alcohol  mixture. 


To  isolate  the  pure  isopropylphenols  we  subjected  the  alkylation  products  to  a  careful  fractional  distillation. 
Here  the  following  fractions  were  collected  ill  all  of  tlie  experiments;  1st,  170-200*,  2nd,  200-231*,  being  the 
main  fraction  of  monoisopropylphenols,  and  3rd,  above  231*,  containing  the  dlisopropylphenols.  The  2nd 
fraction  dissolved  completely  in  107o  NaOH  solution,  which  Indicates  that  it  does  not  contain  isopropyl  phenyl 
etlier.  After  suitable  treatment,  this  fraction  was  distilled  at  41  mm  tlirough  a  column  filled  with  glass  packing 
and  having  an  efficiency  of  40  tlieoretical  plates. 


% 


Fig.  5.  Relation  between  the  yields  of  dlisopropylphenols 
and  the  ratio  of  the  components  in  the  phenol ;  alcohol 
mixture. 


From  the  distillation  curve  for  the  monoisopropylphenol  fraction  (Fig.  7)  it  follows  that  the  fraction  witli 
b.  p.  124-12-1.3*,  m.  p.  16.5*,  n^D  1.5282,  and  d^4  0.9963,  is  o-isopropylphenol.  Reaction  of  tltis  fraction 
with  monocliloroacetlc  acid  [32]  gave  o-isopropylphenoxyacetic  acid  with  m.  p.  131.5-132.5*.  The  melting 
point  given  by  I.  P.  Tsukervanik  [23]  for  o-lsopropylpheno.\yacetlc  acid  is  129-130*.  Reaction  with  potassium 
persulfate’ [28]  gave  a  blue  solution,  which  is  characteristic  for  o-isopropylphenol. 

Freezing  the  124.3-136.8*  fraction,  n^D  1.5271,  and  d^^  0.9968,  gave  o-isopropylphenol  wltli  n*D 
1.5280  and  d^®^  0.9966,  and  a  small  amount  of  p-lsopropylphenol  with  m.  p.  60*.  From  the  136.8-137.3* 
fraction  on  cooling  we  Isolated  some  crystals  of  p-isopropylphenol,  melting  at  60*  after  recrysiallization  from 
dilute  alcohol;  tlie  literature  [23,  29]  m.  p.  is  61*.  Reaction  of  tlte  obtained  p-isopropylphenol  witli  mono- 
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cliloroacctlc  add  [HO]  gave  p- Isopropylpliciioxyacctlc  add  v/lth  in.  p.  81.5-82.3*1  literature  data  [23,  30]: 
ni.  p.  80-81*.  Reaction  vrith  benzoyl  cliloride  gave  tlie  benzoate  [33]  with  m.  p.  71.2-72.2*1  literature  data 
[23,  30]:  Ill.  p.  70-71*.  Reaction  of  p-isopropylphenol  with  potassium  persulfate  In  alkaline  solution  gave  an 
orange  solution,  wtilch  Is  characteristic  for  p-isopropylphenol  [28]. 


Fig.  6.  Relation  between  tlie  yields  of  Fig.  7.  Curve  for  the  distillation 

monoisopropylphenols  and  the  active  life  of  the  monoisopropylphenol  fraction 

of  tlie  catalyst  without  its  regeneration.  through  the  column. 

Temperature  210*;  space  velocity 
0.2  hr"^;  phenol :  alcohol  ratio  =  6:1. 

From  tlie  fractions,  boiling  above  231*  in  the  first  distillation,  we  isolated  2,4-diisopropylphenol  with 
b.  p.  144.5-145.6*  (20  mm),  n^D  1.5120  and  d®^  0.9466,  by  distillation  through  the  column. 

Found  7o:  C  80.67,  80.80;  H  10.52,  10.60.  CjaHigO.  Calculated  <70:  C  80.89;  H  10.11. 

Literature  data;  [31]:  b.  p.  97*  (2  mm),  n®D  1.5122,  0.9474. 

SUMMARY 

It  was  established  tliat  it  is  possible  to  obtain  isopropylphenols  (mainly  the  p- Isomer)  in  up  to  95%  yield 
by  the  alkylation  of  phenol  with  isopropyl  alcohol  on  an  aluminosilicate  catalyst  at  atmospheric  pressure,  a 
temperature  of  210-230*,  and  a  space  velocity  of  0.2  hr’^  for  the  addition  of  the  reactants. 
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CHEMISTRY  OF  SELENOPHENE 

XXIV.*  CONDENSATION  OF  5-NITROSELENOPIIENE- 2-CARBOXALDEHYDE  AND 
0 -(5- NITRO-2-SELENIENYL)  ACROLEIN  WITH  HYDRAZINE  DERIVATIVES 

Yu.  K.  Yur’ev  and  E.  L.  Zaitseva 
Moscow  State  University 

Translated  from:  Zhurnal  Obshchel  Khimii,  Vol.  30,  No.  1,  pp.  98-101,  January,  1960 
Original  article  submitted  January  5,  1959 


In  this  paper  5-nitroselenophene-2-carboxaldehyde  [1]  and  0- (5- nitro-2-selenienyl) acrolein  [2l  (0  were 
condensed  witli  various  hydrazine  derivatives  to  yield  5-nitro-2-selenienylldeneamlnes  and  0-(5-nitro-2- 
seleulenyOallylldeneimines,  respectively.  Condensation  witli  the  hydrazldes  of  cyanoacetic,  furolc  and  Iso- 
nlcotinic  acids  gave  the  corresponding  acylhydrazones  of  these  aldehydes  (II).  Reaction  of  5-nltroselenophene- 
2-carboxaldehyde  with  semioxamazide  and  5-(0-hydroxyethyl)semloxamazide  gave  the  conesponding  semi- 
oxamazones  (III). 


•4-iiaNNHCon  ^  11  I 

OzN-''  J-(CII=CH)„-GH=NNHCOR 

I  I 

O2N— j— (Cll=CH)„-CHO 

_ 

(I)  \  -MLNNUCOCONJt'NlI,  H  I 

OzN-!'  j-(CH=CH)„-CH  =  NNHCOCONlVNH, 

(III) 

(I  n  =  0  &1);  (II  n  =  0  &1;  R  =  CH,CN,  C.HjO.  C,II,N);  (III  n  =  0:  U'  =  H,  CH,CH,OII). 


The  condensation  with  1-aminohydantoln  was  run  by  the  Uota  and  Takai  method  [3,  4],  described  for  the 
corresponding  condensation  of  5-nluo-2-furaldehyde  and  0-(5-nitro-2-furfuryl) acrolein.  The  aminohydantoin, 
formed  by  the  reaction  of  ethyl  hydrazineacetate  with  potassium  cyanate  and  subsequent  hydrolysis  of  the  ethyl 
aminoliydantoate  with  dilute  sulfuric  acid,  was  reacted  directly  with  5-nitroselenophene-2-carboxaldehyde  and 
0-(5-nitro-2-selenienyl) acrolein,  without  prior  isolation  and  purification!  this  made  it  possible  to  obtain  l-(5- 
nitro- 2-selenienylidene)aminohydantoln  (IV)  and  l-[0-(5-niiro-2-selenienyl)allylldene]aminohydantoin  (IV) 
in  high  yields. 

Condensation  witli  l-amino-2-thiohydantoln  led  to  l-(5-nitro-2-selenienylidene)amlno-2-thiohydantoln 
(V)  and  l-[0-(5-nitro-2-selenlenyl)allylldeneJamino-2-thiohydantoln  (V),  respectively. 


•  Communication  XXIIl  was  published  in  the  journal  "Optika  i  Spektroskopiya*  6,  45  (1959). 
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HN - CO 


+  ll,N-NCONIICO(]lI, 


(I) 


-t  ll,N-NCSNllCO(;il, 

I  I 


_  I  I 

II  II  OC  CH2 

OjnJ  J-{CII=CII)„-CI1=N— 
ao' 

(IV) 


11 N - CO 

I  I 

I  I  SC  CH2 

O2N-}  J-(Cll=CH)„-CIIr=N-^N^ 

(V) 


I,  IV.  and  V:  n  =  0  and  1 


EXPERIMENT  A  L 

a)  4- P'neiiylsemicarbazone  of  5-nitroseIenopliene- 2-carboxaldehyde.  A  mixture  of  0.51  g  of  5-nitro- 
selenophene-2-carboxaldehyde  in  7  ml  of  alcoliol  and  0.47  g  of  4-plienylsemicarbazide  in  1.5  ml  of  water 
was  heated  for  5  minutes  on  the  water  bath,  cooled,  and  treated  with  10  ml  of  water.  The  precipitate  was 
filtered  and  washed  widi  water.  We  obtained  0.78  g  (93.5'yo)  of  product.  Yellow  crystals,  m,  p.  231-233* 

(with  decomp.,  from  alcohol). 

Found '’/o;  C  42.43,  42.34j  H  3.07,  3.05j  Se  23.52,  23.36.  CizHioOjN^Se.  Calculated  <^0:  C  42.74| 

H  2.99i  Se  23.42. 

4-Phcnylscmicarhazone  of  6  -(5-nitro-  2- selenienyl) acrolein.  Using  method  "a"  we  obtained  0.82  g 
(92'7o)  of  product  from  0.57  g  of  8  - (5- niiro- 2- selenienyl) acrolein  in  12  ml  of  alcohol  and  0.47  g  of  4-phenyl- 
semicarbazidc  hydrocliloride  in  1.5  ml  of  water.  Orange  crystals,  m.  p.  209-210*  (wiUi  decomp,  from  alcohol). 

Found ‘’/o;  C  45.89,  45.95j  H  3.16,  3.26;  Se  21.50,  21.40.  CiiHjjOgN^Se.  Calculated  ^’/o;  C  46.29; 

H  2.90;  Se  21.74. 

b)  l-(5-Nitro-2-5elenienylideiie)-2-cvanoacetylhydrazone.  A  solution  of  0.51  g  of  5-nitroselenophene- 

2-carboxaldehyde  in  8  ml  of  alcohol  was  added  dropwise  witli  stirring  to  a  solution  of  0.25  g  of  cyanoacetic  acid 
hydrazlde  in  7  ml  of  water,  acidified  witli  1  ml  of  concentrated  hydrochloric  acid.  Then  tlie  mixture  was  allowed 
to  stand  for  3  hours  at  20*,  after  which  the  precipitate  was  filtered  and  washed  witli  water  and  small  amounts  of 
alcohol  and  ether.  We  obtained  0.G6  g  (93'yo)  of  yellow  crystals,  m.  p.  241-242*  (with  decomp.,  from  alcohol). 

Found  C  33.59,  33.60;  H  2.36,  2.47;  Se  27.92,  27.82.  CjHfiOgN^Se.  Calculated  <70;  C  33.71; 

H  2.12;  Se  27.70. 

1- (5- Nitro- 2-selenienvlidene)- 2- (2- furoyl)hydrazone.  Using  method  "b*  we  obtained  0.72  g  (  «  lOO^o) 
of  product  from  0.51  g  of  5-nltroselenophene- 2-carbo.\aldehyde  and  0.32  g  of  furoylhydrazlde.  Lemon  yellow 
crystals,  m.  p.  266-267*  (with  decomp.,  from  alcohol). 

Found  <70:  C  38.51,  38.59;  H  2.49,  2.55;  Se  25.04,  25.12.  CioH704N3Se.  Calculated 'Vo:  C  38.47; 

H  2.26;  Se  25.29. 

l-(5- Nitro- 2-selenieiiylidene)semioxamazone.  Using  method  "b*  we  obtained  0.76  g  (  w  100<yo)  of 
product  from  0.51  g  of  5-i'itroselenophene-2-carbo.\aldehyde  and  0.29  g  of  semioxamazlde.  Yellow  crystals, 
m.  p.  252-253"  (witli  decomp.,  from  alcohol). 

Found  <70:  C  27.95,  27.99;  H  2.27,  2.38;  Se  25.77,  25.68.  CTUyO^NgSe.  Calculated  C  27.65; 

H  2.32;  Se  25.97. 

l-(5-Nitro-2-selenienylidene)-5-(  fl  -hvdroxve.thvl)semioxamazone.  Using  method  "b",  we  obtained 
0.78  g  (90'yo)  of  product  from  0.51  g  of  5-nitrosclenophenc-2-carboxaldchyde  and  0.41  g  of  5-(  6  -hydroxyethyl)- 
semioxamazide.  Yellow  crystals,  m.  p.  251-252”  (with  decomp.,  from  alcohol). 
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Foimd"/o:  C  31.30,  31.40;  H  3.30,  3.2G;  Se  22.37,  22.44.  CjHuOsNgSe.  Calculated  G  31.05; 

M  3.18;  Se  22.G7. 

l-[  fl  -(f)-  Nitro-  2-selctilei)yl)allylideiieJ-  2-cyaiioacciyllivdra7.onc.  Using  nieiliod  "b",  wc  obtained  0.77  g 
(  wl00'7i>)  of  product  from  0.57  g  of  li  -(5-nitro-2-selciiienyl)acrolcin  in  12  ml  of  alcohol  and  0.25  g  of 
cyanoacctic  acid  hydrazlde  in  7  ml  of  water.  Orange  crystals,  m.  p.  219-221*  (with  decomp.,  from  alcohol). 

Found  C  38.77,  38.67;  H  2.86,  2.73;  Se  25.17,  25.10.  CijHgOjN^Se.  Calculated  C  38.60; 

H  2.59;  Se  25.37. 

l-[  fl  -(5-  Nitro-  2-seleiiteiiyl)allylidene]-  2-(2-  furoyOliydrazone.  Using  method  "b"  we  obtained  0.81  g 
(96 7o)  of  product  from  0.57  g  of  0 -(5-nitro- 2-selenlenyl)acrolein  in  12  ml  of  alcohol  and  0.32  g  of  furoyl- 
hydrazide  in  7  ml  of  water.  Orange  crystals,  m.  p.  225-227*  (with  decomp.,  from  alcohol). 

Found  C  42.44,  42.46;  II  2.79,  2.81;  Se  23.15,  23.20.  CigHjO^NgSe.  Calculated  C  42.62; 

H  2.68;  Se  23.35. 

c)  l-(5-  Nitro-  2-selenienyIidene)-2-isonicotinoyIhydrazone.  A  mixture  of  0.51  g  of  5-nlaoselenophene- 
2-carboxaldchyde  in  7  ml  of  alcohol  and  0.34  g  of  isonicotinoylhydrazide  in  6  ml  of  water  was  refluxed  for 
several  minutes,  cooled,  treated  with  10  ml  of  water,  and  the  precipitate  filtered  and  washed  with  water.  We 
obtained  0.74  g  (91 7^)  of  yellow  crystals,  m.  p.  243-244*  (witli  decomp.,  from  alcohol). 

Found  T/o:  C  40.87,  40.91;  H  2.82,  2.80;  Se  22.98  ,  23.12.  CuH803N4Se.  Calculated  <7<»;  C  40.87; 

H  2.49;  Se  23.14. 

l-[  0  -(5-Nltro-2-selenienyl)allvlidene3-2-i5onicotinovlhvdrazone.  Using  method  "c"  we  obtained  0.78  g 
(94%)  of  product  from  0.57  g  of  0  -(5-nitro-2-selenienyl)acroleln  in  12  ml  of  alcohol  and  0.34  g  of  iso¬ 
nicotinoylhydrazide  in  6  ml  of  water.  Orange  crysuls,  m.  p.  244-245’  (with  decomp.,  from  alcohol). 

Found  %;  G  44.77,  44.75;  H  3.10,  3.13;  Se  22.41,  22.48.  CiaHjgOjN^Se.  Calculated  %;  C  44.71; 

H  2.89;  Se  22.61. 

d)  l-(5-Nitro-2-selenienylidene)aminohydantoln.  A  mixture  of  1  g  (0,006  mole)  of  ethyl  hydrazineacetate 
hydrochloride  and  1.5  g  (0.018  mole)  of  potassium  cyanate  was  dissolved  in  5  ml  of  water  and  the  solution  allowed 
to  stand  at  20*  for  12  hours.  Tlien  25  ml  of  2  N  sulfuric  acid  solution  was  added,  the  muxture  refluxed  for  2  hours, 
then  evaporated  on  the  water  bath  to  a  volume  of  15  ml,  cooled,  and  then  treated  with  0.7  g  (0.0034  mole), of 
5-nitroselenophene-2-carboxaldehyde  in  7  ml  of  alcohol,  A  copious,  finely  crystalline  precipitate  deposited 
Immediately;  after  4  hours  the  precipitate  was  filtered,  and  washed  with  water  and  small  amounts  of  alcohol 

and  etlter.  We  obtained  0.83  g  (81.5%)  of  yellow  crystals,  m.  p.  263-264*  (with  decomp.,  from  alcohol). 

Found  %;  C  31.76,  31.78;  H  2.04,  1.90;  Se  26.32,  26.39.  C,H604N4Se.  Calculated  %:  C  31.92; 

H  2.01;  Se  26.22. 

l-[  0  -(5-Nitro-2-selenienvl)allylidene]aminohydanioin.  Using  method  "d®,  we  obtained  0.74  g  (84%) 
of  product  from  0.62  g  of  0  -(5-nitro“2-selenienyl)acroleln  in  15  ml  of  alcohol,  1  g  (0.006  mole)  of  ethyl 
hydrazineacetate  hydrochloride  and  1.5  g  (0.018  mole)  of  potassium  cyanate  in  5  ml  of  water.  Red  crystals, 
m.  p.  262-264*  (witli  decomp.,  from  alcohol). 

Found  %:  C  36.81,  36.69;  H  2.74,  2.59;  Se  23.90,  23.98.  CioH,04N4Se.  Calculated  %:  C  36.71; 

H  2.47;  Se  24.13. 

e)  1- (5- Nitro- 2- selenienylidene)amino-  2- th iohydantoin.  A  solution  of  0.33  g  of  l-amlno-2-thlohydantoln 
in  2.5  ml  of  water  was  prepared  by  heating,  after  which  0.51  g  of  5-nltroselenophene-2-carboxaldehyde  in  4  ml 
of  alcohol  was  added,  the  mixture  refluxed  for  5  minutes,  then  cooled,  and  the  precipitate  was  filtered  and 
washed  with  water  and  with  small  amounts  of  alcohol  and  ether.  We  obtained  0.8  g  (95%)  of  yellow-orange 
crystals,  m.  p.  248-  250*  (with  decomp.,  from  alcohol). 

Found  %:  C  30.10,  29.92;  H  1.85,  1.84.  C8H503N4SSe.  Calculated  %;  C  30.28;  H  1.91. 

l-[  0  -(5-Nitro-2-selenlen\i)allylldene]  amino-2-thlohydantoin.  Using  method  "e®  we  obtained  0.78  g 
(93%)  of  product  from  0.57  g  of  0  -(5-nitro-2-selenlenyl)acrolein  in  12  ml  of  alcohol  and  0.33  g  of  1-amlno- 
2-dilohydantoin  in  2.5  ml  of  water.  Red  crystals,  m.  p.  265-267*  (with  decomp.,  from  acetone). 
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Found ‘Vo:  C  34.81,  34.83j  H  2.45,  2.52.  CjoHjOsN^SSe.  Calculated  <70;  C  34.99j  H  2.35. 


SUMMARY 

The  condensation  of  5-nltroselenophene-2-carboxaldehyde  and  0-(5-nitro-2-selenlenyl)acroleln  with 
hydrazldes  gave  the  following  new  compounds  of  the  selenophene  series:  l-(5-nitro-2-selenienylidene)-  and 

1- [0  -(5-  nitro-  2-seIenienyl)allylldeneJ-  2- (2-  furoyOhydrazone,  l-(5-nltro-  2-selenienylidene)-  and  l-[fl -(5- 
nltro-  2-selenienyl)allylidene]-  2-cyanoacetylliydrazone,  l-(5-nltro-2-selenlenylldene)-  and  l-[0-(5-nitro- 

2- selenIenyl)allylIdeneJ-2-lsonlcotlnoylhydrazone,  and  also  l-(5-nitro-2-selenienylidene)semioxamazone  and 
l-(5-  nitro-  2-  selenieny  lidene)-  5-(8  -hydro.\yethyl)semioxamazone. 

The  condensation  of  5-nltroselenophene-2-carboxaldehyde  and  5-(5-nitio-2-seIenienyl)actoleIn  with 
1-aminohydantoln  and  1-amino- 2- thiohydantoin  led  to  obtaining  the  previously  unknown  l-(5-nitro-2- 
selenienylidene)aminohydantoin,  l-[0  -(5-nitro-2-selenienyl)allyIidene]  aminohydantoln,  l-(5-nitro-2- 
selenienylldene)amino-2-tluohydantoln  and  l-[0-(5-nitro-2-selenlenyl)allylideneJamino- 2- thiohydantoin, 
respectively. 
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As  is  known,  studies  on  the  syntiiesls  of  compounds  bearing  the  fl-chloroethylamino  grouping  of  atoms, 
and  their  testing  as  antitumor  agents,  have  found  wide  expansion  in  tlie  last  decade.  The  prototype  of  such 
derivatives  is  methylbis  (6-chloroetliyl)amine  (embichine,  duamin,  HN2),  described  as  early  as  1935  by  Prelog 
and  Stepan  [Ij.  Since  tlien  a  large  number  of  similar  amines  have  been  prepared,  belonging  to  the  class  of  so- 
called  nitrogen  amines  have  been  prepared,  belonging  to  tlie  class  of  so-called  nitrogen  mustards,  in  particular, 
aryl  (3 -cliloroetliyl)amines,  studied  in  detail  by  Ross  [2],  who  investigated  their  chemical  behavior  and  antitumor 
activity.  A  large  number  of  papers  are  also  devoted  to  the  syntliesis  and  testing  of  fl-chloroethylamino  derivatives 
of  heterocyclic  compounds,  for  example,  those  containing  tlie  pyrimidine  [3],  pyridine  [4,  14],  thiazole  [5], 
benzimidazole  [6],  quinoline,  and  acridine  [7]  ring.  Some  of  these  compounds  show  a  well  defined  ability  to 
inhibit  the  grow'tli  of  tumors  and  leukoses  in  experimental  animals  [8].  A  characteristic  property  of  the  discussed 
type  of  compounds  is  their  great  toxicity,  which  is  one  of  tlie  reasons  it  is  difficult  to  find  compounds  among  them 
with  the  desired  complex  of  properties.  Nevertheless,  interest  in  this  group  of  compounds  is  retained,  as  is  evidenced 
by  the  chemical  and  medical  literature  on  the  matter. 

In  a  recent  paper  [9]  we  described  tlie  transformations  of  3-chloroniethyl-  and  3,4-bls(chloromethyl)-2,5 
dlmethyltliiophene,  testifying  to  the  high  reactivity  shown  by  these  compounds.  It  seemed  appropriate  to  also 
use  them  in  the  synthesis  of  fl-chloroetliylamino  derivatives.  In  support  of  this  were  the  results  obtained  in 
studying  tlie  antitumor  activity  and  relative  toxicity  of  benzylbis(8-chloroetliyDamine  derivatives  [10],  l.e., 
compounds  containing  a  grouping  of  atoms  (benzyl)  analogous  to  the  thenyl  group,  and  also  some  data  dealing 
with  the  pharmacological  properties  of  thiophene  derivatives!  specifically,  it  was  shown  that  tlie  latter  with  a 
functional  grouping  in  the  fl -position  of  the  nucleus  are  more  effective  tlian  ate  tlie  isomeric  a-substituted 
compounds.  In  this  connection,  it  is  interesting  to  mention  tliat,  judging  from  the  still  extremely  limited  data 
[11,  12],  0-3-thienylalanlne  was  tested  as  an  agent  for  the  control  of  malignant  tumors,  as  well  as  fl-2- 
tliienylalanine  [13].  Finally,  reference  should  be  made  to  the  general  conclusion  arrived  at  by  Acheson  and 
co-workers  [14],  in  essence  reducing  to  the  fact  that  replacing  tlie  benzene  ring  in  physiologically  active  com¬ 
pounds  by  tlie  thiophene  ring  at  times  leads  to  an  increase  in  the  activity. 

To  obtain  fl-chloroethylamlno  derivatives  from  the  mentioned  chloromethyl  derivatives  of  thiophene  we 
made  use  of  known  methods  to  convert  the  chloromethyl  function  to  the  diethylaminoetlianol  grouping,  with 
subsequent  replacement  of  tlie  hydro.xyl  group  by  chlorine  [^l]-  Since  it  Is  possible  to  obtain  only  mediocre  yields 
using  this  route,  we  made  a  parallel  study  of  another  approach,  namely,  reaction  of  the  chloromethyl  derivatives 
with  bis(0-chloroetliyl)amlne  [15],  The  compounds  obtained  in  tliis  manner  as  the  hydrochlorides  are  depicted 
by  formulas  (l),  (II),  and  (III); 
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^CIl2N(CH2GIIiGl)2 

H3G-<^“))-GJl3 

(•' 


/CII3 

GIGH2CH2N-GII2V  yGIl2N(GH2GIIaGl)8 
H,C^“)CU, 

(11) 


(G»GH2GH2)sN— HjG^  ^GH2N(GH2GH2C1)2 

cn3-<f~S-cn3 

(III) 

Aminoalcohol  (VI),  corresponding  to  (I),  was  synthesized  by  heating  3-chlorornethyl-2,5-dlmethylthiophene 
with  diethanolamine.  Although  the  compound  distilled  over  quite  a  wide  range,  still  its  analysis  results  were  in 
complete  agreement  with  the  calculated  data.  The  other  method  of  obtaining  this  compound,  described  below. 

Is  illustrated  by  tlie  following  scheme: 


/“V_cnaN(GH2CH2Cl)2 


^GH2G1 


H,G- 


Hexamethylenetetramine^ 

\  ^  /CH3  ,T— 7— rrrTr~r~n — H3G— 7— 


.CH2NH2 


Hydrochloric  acid 


Ethylene  oxide  ^  X 

- » 


II3G- 

GH2N(GIl2GH20H)2  <v) 
-GH3 
rvn 


The  starting  base  for  the  synthesis  of  chloroetliylamino  derivative  (II)—  aminoalcohol  (VII)  —  was  obtained 
by  reacting  etiiylene  oxide  with  the  3-aminometliyl-4-methylaminomethyl-2,5-dimethylthiophene  described  by 
us  earlier  [9], 


CHa 

HOH2CH2G-N  -H2G.  y:il2N(GIl2GH20H)2 
n3G-<^“^-GIl3 
(VII) 

In  order  to  be  able  to  determine  die  effect  of  shifting  the  bis(6-chloroediyl)amInomethyl  group  from  the 
a  to  die  B  position  of  die  difophene  nucleus  on  the  physiological  action,  we  syndiesized*  compound  (IV), 
obtained  earlier  In  low  (12^70)  yield  by  Wilson  and  Tishler  from  2-thenoyl  cliloride.  On  repeating  die  experiment 
of  these  investigators  we  were  at  first  unable  to  obtain  the  crystalline  hydrochloride  of  (IV)j  dils  was  finally 
achieved  by  purifying  die  product  through  the  picrate.  The  bis(6-hydroxyethyl)-2-thenylamine  (VIH) 


X-Gll2N(GH2GH20II)2 

(VIII) 


*  This  portion  of  the  work  was  done  by  M.  B.  Ibragimova. 
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needed  for  ilie  reaction  was  not  obtained  from  tlienoyl  cliloridc,  hut  instead  it  was  obtained  by  tlie  Leiickart 
metliod  [17j,  by  licatlng  a  mixture  of  2-tliiophenecarboxaIdebydc,  diethanolamine  and  formic  acid. 

Tlie  toxicity  and  antlttimor  activity  of  tiic  mentioned  chloroetliylamino  derivatives  of  thiophene  were 
investigated  l)y  Pan'  Cli'i-ts’ao  in  tlie  l^iboratory  of  Experimental  Chernoilierapy  of  tlie  Insiitnie  of  Experimental 
Pathology  and  Tlierapy  of  Cancer  of  tlie  Acadetny  of  Medical  Sciences  of  the  USSR.  All  of  the  compounds 
proved  to  be  quite  toxic,  *  in  which  contiectioti  the  toxicity  of  compoutid  (IV),  with  the  chloroetliylamino 
function  in  the  a  positioti,  exceeded  that  of  tlie  3-chloroethylamltics  described  here.  Their  antitumor  action 
was  investigated  relative  to  sarcoma  *45*  on  rats  and  Elirllch  tntnots  on  mice.  Here  It  was  found  tliat  their 
itihlbition  of  tiitnor  growth  was  sliglit.  The  authors  wish  to  thank  Pan*  Gh’i-ts'ao  for  testing  the  described  compounds. 

EXPERIMENTAL 

3- Amltiometlivl-g.S-dimetliylthiophene  (V).  A  mixture  of  30.4  g  of  tlie  quaternary  salt,  prepared  In  con¬ 
ventional  manner  from  17  g  of  hcxametliylenetetraniiiic  and  18  g  of  2,5-dlniethyl-3-thenoyT  chloride  [16],  with 
200  ml  of  alcoliol  and  35  ml  of  concentrated  hydrochloric  acid  was  heated  on  tlie  water  batli  for  6  hours.  The 
alcohol  was  vacmim-dlstilled;  tlie  residue  was  dissolved  In  225  ml  of  water,  and  the  solution  was  made  alkaline 
with  40'7e  KOH  solution.  The  oil  that  separated  here  was  extracted  with  ether;  toward  the  end  of  the  extraction 
the  aque-'  .iluiion  was  saturated  witli  potassium  carbonate.  After  drying  the  extract  over  potassium  carbonate 
tlie  ether  ’  fhrtilled  off,  and  tlie  residue  was  vacuum-distilled.  We  obtained  9.3  g  (60^o)  of  3-amlnomethyl- 

2.5- dimei  .  .Miiophene. 

B.  p.  100*  (12  mm). 

Found '70;  C  59.52,  59.33;  H  7.64,  7.82;  S  22.66,  22.59;  N  10.26,  9.96.  CyH^NS.  Calculated ‘7o: 

C  59.53;  H  7.85;  S  22.74;  N  9.92. 

The  picrate  after  recrystallization  from  alcohol  melted  at  201*. 

Found  ^70;  N  14.99,  14.83.  C^HuNS  •  CoH2(OHXN02)3.  Calculated  <70:  N  15.13. 

3-Ris(B-hvdroxvethvl)amiiiometlivl-2,5-dimethvlthlophene  (Vl).  a)  Reaction  of  diethanolamine  with 

2.5-  dimethyl- 3- tlieiiovl  chloride.  A  mixture  of  8.2  g  (0.05  mole)  of  2,5- dimethyl- 3- thenoyl  chloride  [16] 
and  8  g  (0.05  mole)  of  diethanolamine  in  a  small  amount  of  a  benzene- etlier  mixture  was  heated  on  tlie  water 
bath  for  4  hours,  after  which  the  solvents  were  vacuum- distilled.  The  oily  residue  was  treated  with  water  and 
40^70  KOH  solution.  The  product  was  extracted  with  ether  and  benzene;  the  combined  extract  was  dried  over 
magnesium  sulfate.  The  residue  from  distilling  off  tlie  solvents  was  vacuum- distilled.  The  following  fractions 
were  obtained  at  3.5  mm;  1st,  94-167*  (small  amount);  2nd,  167-197*,  3.5  g;  3rd,  197-210*,  2.3  g. 

Redistillation  of  die  2nd  fraction  gave  3-bls(B -hydroxyediyl)aminomethyl-2,5-dlmethylthlophene  with 
b.  p.  184-197*  (6  mm). 

Found  T/o;  C  57.89,  57.89;  H  8.34,  8.28;  S  13.96,  14.09;  N  5.94,  5.89.  C11H15O2NS.  Calculated  <70: 

C  57.61;  H  8.35;  S  13.98;  N  6.11. 

b)  Reaction  of  ethylene  oxide  witli  3-amlnomethyl- 2,5-dimediylthiophene.  To  a  solution  of  17.7  g 
(0.12  mole)  of  3-aminomethyl-2,5-dimethyTthiophene  in  60  ml  of  mcdiyl  alcohol,  cooled  in  an  ice-salt  mixture, 
was  added  30  ml  of  ethylene  oxide.  The  mixture  was  kept  for  2  days  in  the  refrigerator  and  dien  for  24  hours  at 
room  temperature,  after  which  the  alcohol  was  distilled  off.  The  residual  colorless  oil  (35  g)  was  vacuum-distilled; 
die  following  fractions  were  isolated;  1st,  100*  (13  mm),  2.4  g  (starting  amine);  2nd,  179-190*  (6  mm), 

16.7  g;  3rd,  190-210*  (3  mm),  4.5  g;  4th,  210-230*  (3  mm),  3.8  g;  5th,  230-250*  (3  mm),  1.0  g. 

The  2nd  fraction  contained  3-bis(B-hydroxyediyl)methylamino-2,5-dimethyltlilophene. 

3-Bis(fl-chloroediyl)aminomediyl-2,5-dimetliylthiophcne  (l)  hydrochloride,  a)  Reaction  of  thionyl 
chloride  with  3- bis  (B  -hydroxyethvl)aminomcthyl-2,5-dinictltyltliiophcne.  To  a  solution  of  1.5  g  (0.007  mole) 
of  3-bis  (B -hydro.xyethyl)amlnomctliyl-2,5-dlmediylthiophenc  in  10  ml  of  dry  chloroform,  cooled  in  ice,  was 


*  However,  many  times  less  toxic  dian  emblchlne. 
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gradually  added  a  solution  of  2  g  (0.017  mole)  of  thloiiyl  chloride  in  5  ml  of  chloroform.  The  mixture  was 
heated  oil  die  water  badi  for  1.5  liours.  After  distilling  off  die  chloroform  and  excess  thionyl  chloride,  die  residue 
was  treated  witli  water;  die  solid  reaction  product  was  filtered  rapidly  and  dien  purified  by  the  technique  of 
dissolving  in  absolute  alcohol  and  precipitating  widi  ether.  We  obtained  0.G4  g  of  a  crystalline  substance,  which 
after  a  double  repreclpiiation  widi  ether  from  acetone  solution  melted  at  171-172*. 

Found  C  43.50,  43.55;  H  5.89,  5.84.  CuHigNCljS.  Calculated  ^o:  C  43.64;  H  5.99. 

The  picrate  was  obtained  by  mixing  an  acetone  solution  of  die  free  base  widi  an  alcohol  solution  of  picric 
acid.  After  rccrystallization  from  alcohol,  m.  p.  101-105*  (decomp.). 

Found  N  10.61,  10.85.  CnH^NClzS  •C6H2(0H)(N02)3*H20.  Calculated  <70;  N  10.91. 

b)  Reaction  of  bis (3 -chlorocthyl)amiiie  with  2,5-dimethyl- 3- dienoyl  chloride.  To  a  solution  of  bls(8- 
chloroetliyOamine,  obtained  from  37.5  g  of  die  hydrochloride  by  treating  an  aqueous  solution  of  die  latter  widi 
a  solution  of  12  g  of  NaOH  in  18  ml  of  water,  followed  by  extraction  with  benzene  (75  ml)  and  chloroform  (25  ml) 
(the  extract  was  dried  over  calcium  chloride),  was  added  a  solution  of  16.8  g  of  2,5- dimethyl- 3- dienoyl  chloride 
In  20  ml  of  cliloroform.  The  mixture  was  heated  on  the  water  bath  for  25  hours.  The  precipitate  of  bis(0-chloro- 
ediyOamlne  hydrochloride  was  filtered.  The  filtrate  was  treated  with  alcoholic  HCl  solution,  and  the  mixture 
was  evaporated  in  vacuo.  The  residue,  a  hard  tarry  substance,  was  washed  with  a  little  acetone.  We  obtained 
19.9  g  of  crude  product  with  m.  p.  164-167*.  After  a  double  reprecipitation  from  dry  acetone  (or  anhydrous 
alcohol)  solution  with  ether  the  substance  melted  at  171-172*.  The  mixed  melting  point  with  the  material 
obtained  by  method  "a"  was  not  depressed. 

3-Bis(B-hvdroxyethvl)aminomethyl-4-(fl-hydroxyethyl)methylamiiiomediyl-2,5-dimethylthiophene  (VII). 

To  a  solution  of  5  g  (0.037  mole)  of  3-aminomethyl-4-methylaminometliyl- 2,5-dimethylthiophene  in  15  ml 
of  methyl  alcohol  was  added,  with  cooling,  4.5  g  (O.l  mole)  of  ethylene  oxide.  The  mixture  was  allowed  to 
stand  in  ilie  cold  for  several  hours,  and  then  it  was  kept  at  room  temperature  for  5  days.  After  distilling  off  the 
methyl  alcoliol  In  vacuo,  tJie  residue  weighed  9  g.  We,  took  3.5  g  of  the  product  and  vacuum-distilled  ir;  the 
substance  boiled  at  214*  (2  mm). 

Found ‘7o;  C  56.69,  56.77;  H  8.92,  9.09;  S  10.35,  10.32.  C15H28O3N2S.  Calculated  <70;  C  56.93; 

H  8.92;  S  10.13. 

3-Bis(fl-chloroethyl)aminomethyl-4-(6  -chloroethyOnietliylanunomethyl-  2,5-dimetliyltliiopliene  (11) 
dihydrochloride.  With  ice  cooling,  a  solution  of  10  g  (0.084  mole)  of  thionyl  chloride  in  15  ml  of  chloroform 
was  added  dropwise  to  a  solution  of  8  g  (0.025  mole)  of  3-bis(6-liydroxyetliyl)aminomethyl-4-(8-hydroxyethyl)- 
methylaminometliyl- 2,5-dimethyltliiopiicne  in  35  ml  of  dry  chloroform.  The  formation  of  a  solid  precipitate 
was  observed  here.  On  conclusion  of  adding  the  thionyl  chloride,  die  mixture  was  heated  for  30  minutes  on  the 
water  bath.  The  chloroform  and  excess  thionyl  chloride  were  vacuum- distilled;  die  residue  was  washed  carefully 
with  acetone.  We  obtained  9  g  of  crude  substance,  which  after  recrystallization  from  alcohol  and  acetone  melted 
at  183-185*;  this  salt  was  soluble  in  water,  and  difficultly  soluble  in  alcohol. 

Found  <yo:  C  41.06,  41.15;  H  6.10,  6.26.  C15H25N2CI3S  •  2HC1.  Calculated  ^70;  C  40.51;  H  6.12. 

3,4-Bis[di  (3-chloroethyl)aininomethyl]- 2,5-dimedivlthiopheiie  (111)  dihydrochloride.  To  a  cooled  solution 
of  10.8  g  (0.06  mole)  of  bis(i3-chloroethyl)amine  hydrochloride  in  20  ml  of  water  was  added  a  solution  of 
3.48  g  of  NaOll  in  7  irl  of  water.  The  obtained  oil  was  extracted  3  times  with  benzene  and  once  widi  chloroform. 
The  combined  extracts  were  dried  over  magnesium  sulfate,  and  tlicn  mixed  widi  a  solution  of  4  g  (0.02  mole)  of 
3,4-bis(chloromethyl)-2,5-diniethylthiophene  in  10  ml  of  chloroform;  the  mixture  was  heated  on  the  w'ater  bath 
for  30  hours.  The  precipitate  of  bls(8-chlorocthyl)amine  hydrochloride  was  filtered.  The  solvents  were  removed 
from  die  filtrate  by  distillation.  The  residue  was  treated  with  alcoliolic  HCl  solution,  followed  by  evaporation 
of  the  mixture  in  vacuo.  The  residual  solid,  containing  some  oil  as  impurity,  was  treated  witli  a  little  dry  acetone 
and  ether.  We  obtained  2  g  of  product;  m.  p.  169-170*.  After  precipitation  from  anliydrous  alcoliol  (or  acetone) 
solution  with  ether  die  substance  melted  at  176-178*. 


Found  <7o;  C  38.77,  38.96;  H  5.88,  5.77.  CieMjgNzCltS  •  2HC1.  Calculated -70:  C  38.96;  H  5.72. 


2-His(fl -hvdroxycihyl)aminomeilivIthtopbeiie  (VIll)  was  prepared  by  the  general  Ixiuckart  procedure  [17j 
from  3G.4  g  (O.riijri  mole)  of  2- tliiophenecarlioxaldeliyde,  68.3  g  (0.05  mole)  of  diethanolamine  and  39  g 
(0.815  mole)  of  OG'yo  formic  acid  by  heating  the  mixture  at  130-140*  for  10  hours.  We  obtained  25.5  g  (40*70) 
or  product. 

B.  p.  180-190*  (7  mm),  n®D  1.5497. 

Literature  data  [17]:  b.  p.  156-158*  (1  mm). 

Found  «7o:  G  53.86,  54.05|  H  7.50,  7.69»  S  15.92,  15.92.  CjHisOjNS.  Calculated  *70:  C  53.70j 

H  7.51J  S  15.93. 

The  picrate,  after  recrystalllzation  from  anhydrous  alcohol,  melted  at  104-105*. 

Founder  N  12.70.  CjsHiaO^^S.  Calculated  *7o:  N  13.02. 

2-Bls(fl-ch]oroethyl)aminornethylthiophene  (IV)  hydrochloride.  Obtained  from  20.1  g  (0.1  mole)  of  the 
aminoalcohol  and  48  ml  of  thionyl  cliloride  by  tlie  method  described  by  Wilson  [4l. 

A  portion  of  die  water  solution  of  this  hydrochloride  was  converted  to  the  picrate,  m.  p,  96-98*  (after 
recrystallization  from  alcohol). 

Founder  C  38.99,  39.05|  H  3.31,  3.30|  N  12.15,  12.25.  C15H16O7N4CI2S.  Calculated  <7o;  C  38.55i 

H  3.45J  N  11.98. 

The  picrate  was  converted  to  the  hydrochloride  (m.  p.  102-103*)  by  triturating  with  dilute  hydrochloric  acid. 
The  product  crystallized  when  seeded  with  a  crystal  of  the  hydrochloride.  We  obtained  6.2  g  (23.6*70)  of  the 
hydrochloride. 

Found  *70:  C  38.86,  38.99j  H  4.92,  5.04|  Cl  13.01,  13.05  (Volhard).  C^j^NCljS.  Calculated  *70; 

C  39.35}  H  5.14}  Cl  12.91. 


SUMMARY 

In  order  to  obtain  antitumor  compounds,  we  syndieslzed  and  characterized  the  hydrochloride  of  3-bisC3- 
chloroethyl)aminomethyl-2,5-dlmethyltlilophene,  the  dihydrochlorides  of  3-bis(0-chloroethyl)amlnomethyl-4- 
(fl -chloroethyl)metliylamlnomethyl-2,5-dimethylthiophene  and  3,4-bls[di(6-chloroethyl)aminomethylJ-2,5- 
dimethylthiophene,  and  the  corresponding  aminoalcohols. 
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ISOMERIC  TRANSFORMATIONS  OF  THE  THIOPHENE  RING 
IV.  ISOMERIZATION  OF  2-THIENYLMETH ANOL 

V .  S  .  Egorova 
Kuibyshev  Industrial  Institute 

Translated  from:  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp.  107-109,  January,  1960 
Original  article  submitted  November  15,  1958 


It  was  shown  by  Dem’yanov  [Ij  that  cyclic  primary  amines  are  easily  isomerlzed  when  treated  with  nitrous 
acid  ("Dcm’yanov  reaction");  Dem’yanov  gave  the  general  theory  and  proposed  a  mechanism  for  this  reaction 
[1],  The  tenets  of  the  tlieory  received  further  development  in  the  Investigations  of  N.  I.  Putokhin  [2],  who 
operated  with  nitrogen  heterocycles,  and  in  the  studies  of  N.  V.  Williams  [3],  who  worked  with  oxygen  hetero¬ 
cycles.  Sulfur  heterocycles  of  tlte  thiophene  series  remained  unstudied. 

In  our  previous  papers  [4-6],  it  was  shown  that  isomeric  expansion  is  also  inherent  to  the  thiophene- ring 
and  that  It  goes  quite  smoothly  under  the  conditions  of  the  Dem'yanov  reaction.  We  were  able  to  show  that 
2-thienylmethylamine  is  converted  to  hydroxy thiapyran  when  treated  with  nitrous  acid. 

However,  the  Dem’yanov  isomerization  of  carbocyclic  molecules  was  studied  not  only  relative  to  the 
action  of  nitrous  acid  on  cyclic  amines,  but  also  relative  to  the  reaction  of  cyclic  alcohols  with  oxalic  and 
hydrogen  halide  acids  [9j.  To  obtain  more  complete  information  on  tliis  subject,  we  undertook  a  study  of  tlte 
isomerization  of  alcohols  of  the  thiophene  series.  We  investigated  tlte  reaction  of  2-thienylmethanol  with  oxalic 
acid.  2-Thienylmetlianol,  synthesized  by  tlte  Grignard-  Ziegler  metltod  [10-12]  from  tltienylmagneslum  iodide 
and  formaldehyde,  was  reacted  with  o,xalic  acid  under  various  conditions. 

According  to  Dem'yanov's  data  [1-9],  the  reaction  of  2-thienylmethanol  with  oxalic  acid  should  result  in 
its  dehydration  and  isomerization  to  a  compound  with  a  six-membered  ring,  namely  hydroxythiapyran. 


HC| - jCH 

HCl  Ic-GIIaOH 


CM  OH 

iic/\cn 


HC'  ;cn 


CH 


CH 


HOH 


The  reaction  was  run  at  different  temperatures  (from  20  to  90*);  both  anhydrous  and  hydrated  oxalic  acid 
were  used.  Pronounced  tarring  was  observed.  However,  after  a  number  of  experiments  we  were  able  to  isolate 
a  small  amount  of  a  substance  whose  properties  proved  to  be  similar  to  those  of  the  hydroxythiapyran  that  we  had 
obtained  earlier  by  tlte  isomerization  of  thlenylmethylamlne  [4,  6]. 
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Tlie  hydroxythiapyran  was  characterized  via  its  oxidation  products.  Here  we  obtained  thlapyrone  and 
mesoxalic  acid. 


ClIOH 

Iic'l  JcH 


CO 


iiooc-co— coon 


HC'  ;cn 


EXPERIMENTAL 

A  mixture  of  5.7  g  (0.05  mole)  of  2-thlenylmctlianol  and  12.6  g  (0.1  mole)  of  oxalic  acid  in  a  round- 
bottomed  flask,  fitted  with  a  reflux  condenser  and  calcium  chloride  tube,  was  kept  at  20*  for  6  days,  and  then 
it  was  heated  on  the  water  bath  for  20  hours  at  55*.  The  dark  mass  obtained  was  treated  with  100  ml  of  water. 
This  led  to  the  separation  of  a  substantial  amount  of  a  viscous,  oily,  brown  liquid,  insoluble  in  water.  The 
mixture  was  extracted  with  etlier,  and  the  ether  solution  was  shaken  witli  calcium  chloride  solution  to  remove 
oxalic  acid.  Removal  of  tlie  ether  left  about  2  g  of  a  substance,  whose  structure  was  established  by  oxidation. 

One  gram  of  tlie  substance  was  treated  wltli  0.1%  potassium  permanganate  solution  in  the  presence  of 
alkali  (0.16  g  per  100  ml).  The  oxidation  went  rapidly  at  the  start,  then  more  slowly,  and  finally  ceased 
completely  after  the  consumption  of  800  ml  of  tlie  potassium  permanganate  solution.  A  portion  of  the  oily 
substance  remained  undissolved.  The  precipitate  of  manganese  dioxide  and  tar  was  filtered.  The  water  solution 
was  evaporated  carefully  on  the  water  bath  at  60*  and  the  residue  was  extracted  with  ether.  Removal  of  the 
ether  left  a  small  amount  of  colorless  needles  in  the  flask.  The  needles  had  m.  p.  110*. 

Found  %;  C  53.40,  53.52;  H  3.41,  3.45;  S  28.41,  28.50.  CgH^OS.  Calculated  %;  C  53.57; 

H  3.57;  S  28.57. 

With  aqueous  mercuric  chloride  solution  die  substance  gives  a  compound  with  m.  p.  189*,  while  reaction 
with  semicarbazide  gives  colorless  needles  with  m.  p.  227*. 

Tlie  data  obtained  by  us  coincide  with  the  literature  data  for  diiapyrone  [7]. 

Thiapyrone,  m.  p.  110*;  compound  with  mercuric  chloride,  m.  p.  189*. 

The  water  solution  from  the  ether  extraction  was  acidified  and  extracted  again  with  edier.  Removal  of 
die  edier  left  some  colorless  crystals  with  m,  p.  121*  (decomp.). 

Found  %:  C  26.10,  26.51;  H  2.52,  2.43.  CsHjO^'HjO.  Calculated  %:  C  26.47;  H  2.94. 

Semicarbazone,  m.  p.  216*;  oxime,  m.  p.  136*  (decomp.). 

These  results  correspond  to  the  literature  data  for  mesoxalic  acid  [8]:  m.  p.  121*  (decomp.);  oxime, 
m.  p.  136*  (decomp.). 

SUMMARY 


The  reaction  of  2-thlenylmethanol  wldi  oxalic  acid  was  investigated. 

It  was  established  that  the  dehydration  of  2-thlenylmethanol  with  oxalic  acid  leads  to  isomerization  of  the 
five-membered  ring  to  a  six-membered  ring,  and  in  this  way,  it  was  shown  that  the  reaction  discovered  by 
Dem’yanov  for  die  expansion  of  cyclic  systems  also  applies  to  alcohols  of  die  dilophene  series. 


LITERATURE  CITED 

[1]  N.  Ya.  Dem’yanov,  Collection  of  Papers  [In  Russian]  (Moscow,  Acad.  Scl.  USSR  Press,  1936), 
p.  238. 

[2]  N.  Ya.  Deni'yanov,  Uspekhi  Khim.  3,  493  (1934);  N.  I.  Putokliln,  Zhur.  Russ.  Fiz.-Kliim. 
Obshchestva  59,  761  (1927);  62,  2216,  2226  (1930);  Zhur.  Obshchei  Kliim.  2,  290  (1932). 


[3]  N.  V.  Williams,  Doklady  Akad,  Nauk  SSSK  IG,  424  (1930). 

I4j  N.  1.  Piitokliiii  and  V.  S.  Egorova,  Zhur.  Obshchei  Kliiin.  10,  1873  (1940). 

[bj  N.  I.  Piiiokhiii  and  V.  S.  Egorova,  Zhur.  Obshchei  Klilni.  18,  1866  (1948). 

[Gj  N.  I.  Puiokhin  and  V.  S,  Egorova,  Doklady  Akad.  Nauk  SSSR  96,  293  (1954). 

[7J  F.  Arndt  and  N.  Bekir,  Ber.  63,  2395  (1930). 

[8J  W.  Dennis,  J.  Am.  Chem.  Soc.  38,  586  (1907)|  E.  Fischer,  Lleb.  Ann.  215,  283  (1882). 

[9]  N.  Ya.  Dem’yanov,  Collection  of  Papers  [In  Russian]  (Moscow,  Acad.  Scl.  USSR  Press,  1936), 
p.  310. 

[10]  K.  Ziegler,  Ber.  34,  737  (1901). 

[11]  W.  Stelnkopf,  Lieb.  Ann.  540,  14  (1939). 

[12]  Organic  Syntheses  (Editors;  Roger  Adams,  et  al.),  Vol.  Ill,  p.  49  (1935). 


115 
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As  a  continuation  of  our  studies  on  the  alkylation  of  halobenzenes  with  olefins  [1],  we  discuss  in  the  present 
paper  the  alkylation  of  fluorobenzene  with  propylene  and  cyclohexene  in  the  presence  of  die  BF3*H3P04  complex. 

As  our  studies  revealed,  fluorobenzene  is  easily  alkylated  with  propylene  in  the  presence  of  BF3»H3P04  catalyst 
to  yield  a  mixture  of  mono-  and  diisopropylbenzenes.  The  isopropylfluorobenzene  is  mainly  die  p- Isomer;  die 
dialkylatc  is  l,3-dlisopropyl-4-fluorobenzene.  The  maximum  yields  of  the  mono-  and  diisopropylfluorobenzenes 
are  respectively  85  and  15'7o,  and  they  are  obtained  at  a  molar  ratio  of  fluorobenzene  propylene  and  catalyst 
equal  to  3:1  ;0.3,  a  temperature  of  80“.  and  a  propylene  feed  rate  of  0.17  mole  per  mole  of  fluorobenzene  per 
hour. 

The  amount  of  catalyst  in  the  range  0.15-0.3  mole  per  mole  of  propylene,  at  60",  is  widiout  noticeable 
effect  on  the  yield  and  composition  of  the  alkylate.  In  die  presence  of  0.5  mole  of  catalyst  and  die  same  reactant 
ratio  the  yield  of  isopropylfluorobenzene  decreases,  which  is  apparently  due  to  a  partial  polymerization  of  the 
olefin  under  these  conditions.  The  temperature  exerts  an  important  influence  on  the  reaction.  At  a  constant 
reactant  and  catalyst  ratio  of  3:1 :  0.3  and  temperatures  of  30,  60,  and  80"  the  yields  of  Isopropylfluorobenzene 
are  respectively  68,  78,  and  Sb'Yo. 

The  alkylation  of  fluorobenzene  widi  cyclohexene  yields  only  p-cyclohexylfluorobenzene.  The  optimum 
reaction  conditions,  where  the  yield  of  the  cyclohexylfluorobenzene  is  62'yo,  are  a  molar  ratio  of  reactants  and 
catalyst  equal  to  3  ;1  ;0.3,  a  temperature  of  30*  and  a  cyclohexene  feed  rate  of  0.056  mole  per  mole  of  fluoro¬ 
benzene  per  hour.  Also  in  this  reaction  the  temperature  and  the  molar  ratios  of  the  reactants  exert  an  Important 
influence  on  die  yield  of  alkylate.  Thus,  at  a  molar  ratio  of  fluorobenzene,  cyclohexene  and  catalyst  equal  to 
3:1  ;0.3  and  temperatures  of  17,  30,  and  60*  die  yields  of  p-cyclohe,xylfluorobenzene  are  respectively  12,  62, 
and  56%.  Increasing  die  molar  ratio  fluorobenzene  ;  cyclohexene  to  5  : 1  or  decreasing  it  to  2 ;  1  causes  die  yield 
of  p- cyclohexylfluorobenzene  to  decrease  from  62  to  39  and  56%,  respectively. 

To  prove  the  structure  of  die  alkylation  products  we  oxidized  diem  widi  nitric  acid  to  the  corresponding 
acids,  and  we  also  subjected  them  to  autoxidation  to  the  hydroperoxides  with  subsequent  cleavage  to  die  phenols 
and  ketones.  Here  it  was  found  diat  both  p- isopropylfluorobenzene  and  p-cyclohexylfluorobenzene  sliow  relatively 
slow  oxidation  to  the  hydroperoxides  in  the  presence  of  manganese  resinate,  cobalt  acetate  and  sodium  hydroxide. 

In  the  case  of  p-lsopropylfluorobenzene  the  maximum  hydroperoxide  concentration  is  reached  after  27  hours  and 
is  23.2%,  while  in  the  case  of  p-cyclohexylfluorobenzene  die  maximum  concentration  is  reached  after  10  hours 
and  is  12%.  The  hydropero.\ides  begin  to  decompose  on  furdier  oxidation,  p- Isopropylfluorobenzene  hydroperoxide 
decomposes  widi  the  formation  of  p-fluoroacetoplienone,  while  p- cyclohexylfluorobenzene  hydroperoxide  is  con¬ 
verted  to  the  final  products,  namely  p-fluorobenzoic  acid  and  glutarlc  acid. 
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expf:iument  AL 


Tlic  fliiorohenzciie  needed  for  reaction  was  prepared  front  bcir/xnediazonUnn  fluoboratc  L2j,  and  It  had 
b.  p.  84- Sf)*,  d^4  1.0170,  n^D  l‘.4G2.l. 

Cycloliexene  and  propylene  were  obtained  by  the  dehydration  of  die  corresponding  alcohols.  Cyclohexene 
had  b.  p.  H2\  d^^  0.8127,  n^D  1.4476. 

Alkylation  of  fliiorobenzene  with  propylene.  Into  a  threc-nccked  flask,  fitted  with  a  stirrer,  thermometer 
and  bubbler,  were  charged  die  weighed  amounts  of  catalyst  and  fltiorobenzcne  and  tlien  wldi  vigorous  stirring,  at 
the  desired  temperature,  a  stream  of  propylene  was  added  from  a  gas  holder  at  a  rate  of  3.5  liters  per  hour.  After 
adding  a  definite  anionnt  of  propylene,  the  mixture  was  stirred  at  die  same  temperature  for  another  2  hours, 
waslied  wldi  water,  dien  wltli  15  yo  sodium  carbonate  solution,  again  with  water,  and  after  drying  over  aluminum 
oxide,  die  reaction  products  were  distilled  from  a  flask  fined  with  a  Vlgreux  column. 

Tlie  p-lsopropylfluorobeiizene,  after  additional  washing  with  concentrated  sulfuric  acid  and  redistiliatlon, 
had  the  following  constants: 

B.  p.  153-165*,  d®4  0.9646,  n^D  1.4733,  MR^  42.3;  Calc.  41.1. 

Found;  M  137.3.  CjIli^F.  Calculated;  M  138.0. 

When  oxidized  with  30'7o  nitric  acid  the  compound  was  converted  to  p-fluorobenzolc  acid  in  70%  yield. 

M.  p.  181-182*.  Literature  data  [3j:  in.  p.  182*. 

Autoxidatioii  of  p-isopropylfluorobenzene.  In  a  column  fitted  with  a  sealed  Schott  filter  was  placed  a 
mixture  of  30.7  g  of  p-isopropylfluorobenzene  and  100  mg  of  NaOH,  and  after  heating  to  110®,  a  stream  of  air 
was  passed  through  the  mixture  for  2  hours  at  an  average  velocity  of  150  ml/min.  Then  0.8  mg  of  manganese 
reslnate  and  20  mg  of  cobalt  acetate  were  added,  and  tlie  passage  of  air  was  continued  at  the  same  temperature. 
After  27  hours,  tlie  concentration  of  the  hydroperoxide  in  the  solution  reached  23.2%,  and  after  33  hours,  it  had 
dropped  to  19.5%  (determined  iodometrically).  Placing  26. S  g  of  tlie  hydroperoxide  solution  of  the  Indicated 
concentration  in  a  tlirec- necked  flask,  fitted  wltli  a  mechanical  stirrer,  thermometer  and  reflux  condenser,  we 
decomposed  die  hydroperoxide  completely  by  the  dropwise  addition  of  concentrated  hydrochloric  acid  solution 
at  a  temperature  not  e.xcecding  60*.  A  total  of  10  nil  of  acid  was  added  in  3  hours.  The  mixture  was  neutralized 
with  10%  NaOH  solution.  The  acetone  (characterized  dirough  die  2,4-dlnitrophenylhydrazone  with  m.  p.  123-124*) 
was  removed  from  die  alkaline  layer  by  distillation;  acidification  of  die  residue  gave  1.6  g  of  p-fluorophenol,  or 
61.5%,  based  on  die  hydroperoxide  taken  for  decomposition.  'Hie  p-fluorophenoxyacetlc  acid  had  m.  p.  102-102.5*. 
Literature  data  [*1]:  m.  p.  102-103*. 

From  the  organic  layer,  after  distilling  off  die  unreacted  p-lsopropylfluorobenzene,  we  Isolated  2.6  g  of 
p-fluoroacetophenone,  apparently  formed  in  the  auto.xidation  process  through  decomposition  of  die  hydroperoxide; 
b.  p.  193*,  d®4  1.0731,  n^D  1.5020.  Its  oxidation  with  20%  nitric  acid  gave  p-fluorobenzoic  acid  in  83% 
yield.  The  2,4-dinitropheiiyliiydrazone  had  m.  p.  229-231*. 

1,3-  Diisopropyl- 4- fluorobenzene  was  obtained  as  a  colorless,  mobile  liquid. 

B.  p.  76-78*  (8  mm),  d“4  0.9352,  n^D  1.4783,  MRd  55.6;  Calc.  53.9. 

Found:  M  179.1.  C>i2Hi7F.  Calculated;  M  180.0. 

Its  oxidation  widi  30%  nitric  acid  gave  4-fluorolsophthallc  acid  wldi  m.  p.  298-301*.  Literature  data  [5]; 
m.  p.  300-301*. 

Alkylation  of  fluorobenzene  with  cycloliexene.  The  reaction  was  studied  In  the  same  apparatus  used  for 
the  alkylation  of  fluorobenzene  with  propylene,  except  that  die  bubbler  was  replaced  by  a  dropping  funnel.  The 
cycloliexene  was  added  In  drops  to  die  mixture  of  fluorobenzene  and  catalyst  at  the  desired  temperature  and  with 
constant  stirring.  When  the  calculated  amount  of  cycloliexene  had  been  added,  die  mixture  was  worked  up  as 
described  earlier.  In  the  experiments  run  at  60*  the  alkyLatlon  products  were  washed  well  with  concentrated 
sulfuric  acid  to  remove  the  cycloliexene  dimer.  Such  washing  was  not  required  in  die  experiments  run  at  30*, 
since  quite  pure  p-cyclohexylfluorobenzene  was  obtained  here. 
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p- Cycloliexylfluorobenzene,  obtained  as  tlie  sole  cycloalkylation  product.  Is  a  colorless  liquid  with  a 
pleasant  odor. 

B.  p.  231-233*,  d®4  0.018^  n^D  1.5074,  MRp  52.8j  Calc.  53^7. 

Found:  M  180.8.  CijilisF.  Calculated;  M  178.0. 

Oxidation  of  tlie  compound  with  30*70  nitric  acid  gave  p-fluorobenzoic  acid  in  52%  yield;  m.  p.  181-182.5*. 
Literature  data  [3];  m.  p.  182*. 

Autoxidation  of  p-cyclohexylfluorobenzene.  A  mixture  of  50.5  g  of  p-cyclohexylfluorobenzene  and  43  mg 
of  NaOH  was  placed  in  a  flask.  The  mixture  was  heated  to  110*,  and  then  a  stream  of  air  was  passed  tlirough  it 
for  2  hours  at  a  rate  of  200  ml/min.  This  was  followed  by  the  addition  of  11.2  mg  of  cobalt  acetate  and  3  g  of 
manganese  resinate,  and  tlie  passage  of  air  was  continued.  After  10  hours,  the  hydroperoxide  content  in  the 
solution  reached  12%.  The  furtltcr  passage  of  air  caused  the  hydroperoxide  concentration  to  decrease  and  after 
30  hours  it  was  equal  to  zero.  Tlie  reaction  products  were  neutralized  with  alkali.  We  isolated  39.5  g  of  unoxidized 
p-cyclohexylfluorobenzene  from  tlie  organic  layer.  Acidification  of  the  alkaline  layer  gave  2.3  g  (57%)  of  p- 
fluorobenzoic  acid  and  0.35  g  (10%>)  of  glutarlc  acid  witli  m.  p.  95-96*.  Literature  data  [3]:  m,  p.  97*. 


SUMMARY 

A  study  was  made  of  the  alkylation  of  fluorobenzene  with  propylene  and  cyclohexene  under  various  con¬ 
ditions,  using  the  complex  of  boron  fluoride  with  orthophosphoric  acid  as  catalyst.  1- Isopropyl- 4- fluorobenzene, 
1-cyclohexy  1-4- fluorobenzene  and  l,3-diisopropyl-4- fluorobenzene  were  isolated  and  characterized. 
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The  relation  between  absorption  spectra  and  the  molecular  structure  of  azo  dyes  has  been  discussed  by 
many  authors  [1-4],  From  [4],  it  is  known  that  introducing  a  sulfo  group  into  the  dye  molecule,  due  to  the 
presence  of  the  2'*'  sulfur  atom,  causes  the  electron  pairs  to  shift  toward  the  carbon  attached  to  the  sulfur.  For 
tliis  reason,  the  effect  exerted  by  this  group  is  aiulogous  to  the  effect  of  other  electrophilic  substituents.  The 
Introduction  of  electron- donor  substituents,  which  include  the  auxochrome  groups  OH  and  NH2,  into  the  naphthalene 
nucleus  causes  a  batliochromlc  shift  of  the  absorption  bands  belonging  to  the  original  products  of  the  dye  (azo¬ 
component).  The  stronger  effect  of  the  amino  group  is  explained  by  die  somewhat  greater  lability  of  tlie  unshared 
electrons  of  die  nitrogen  atom  when  compared  widi  the  electrons  of  die  oxygen,  due  to  the  smaller  nuclear  charge 
of  the  nitrogen  atom.  Tlie  simultaneous  presence  of  die  SO3H  group  and  the  auxochrome  groups  OH  and  NHj  in 
a  clialn  of  conjugated  bonds  leads  to  an  even  sharper  shift  of  the  absorption  maximum  toward  longer  wavelengths. 

The  present  paper  is  part  of  a  general  investigation  on  the  relationship  between  absorption  spectra  and  the 
molecular  structure  of  monoazo  dyes.  Its  objective  was  to  ascertain  the  following. 

1)  The  influence  exerted  by  the  position  of  the  sulfo  group  in  the  dye  molecule  on  the  absorption  spectrum. 

2)  The  effect  of  replacing  die  hydroxyl  group  by  the  amino  group,  with  the  position  of  the  sulfo  group  kept 
constant,  on  the  absorption  spectrum. 

3)  The  change  in  the  absorption  maxima  when  the  hydroxyl  and  amino  groups  are  shifted  from  die  a-  to 
die  B- position  in  the  naphthalene  ting. 

The  Investigated  dyes  were  obtained  by  the  coupling  of  die  isomeric  naphthylaminesulfonlc  acids  with  the 
corresponding  a  -  and  B-naphdiols  or  naphdiylamlnes.  We  studied  a  total  of  24  monoazo  dyes.  The  compounds 
used  as  the  azo- components  in  die  synthesis  of  dtese  dyes  were  die  six  isomeric  sulfonic  acids  of  a-naphthylamlne: 
1,2-,  1,4-,  1,5-,  1,6-,  1,7-,  and  1,8-naphthylaminesulfonlc  acid. 

The  dyes  were  synthesized  according  to  the  scheme; 

ll.SU3CioHo — 1NH2— »  HSO^CioHcNjCl t’loHv  Aux  — >  HSO3 — CioHg — N2 — Ci„ll(5  Aux 

Aux  =iNll2  or  OH 

The  azo  dyes  were  purified  by  conversion  to  die  water- Insoluble  benzidine  salt  of  the  dye  and  its  subsequent 
repeated  recrystallization  from  water  [5].  The  purity  of  die  obtained  sodium  salts  of  die  dyes  was  determined  by 
titration  widi  titanium  trichloride  solution,  and  was  verified  by  the  constancy  of  die  absorption  bands  and  die 
molar  coefficient  of  extinction  c  in  die  long- wave  portion  of  die  spectrum.  The  purity  of  die  dyes  was  97-99%. 
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The  absorption  spectra  of  tlic  dye  solutions  were  uken  in  the  220-700  w^  region  using  a  Beckman  quartz 
specrropliotonictcr.  Distilled  water  functioned  both  as  solvent  and  as  tlie  blank.  Preliminary  experiments 
established  that  the  solvent  absorbs  very  little  light.  Since  the  solutions  of  some  of  the  dyes  exlilblted  a  high 
optical  density,  we  used  a  lower  solution  concentration  wlien  taking  their  spectra. 

By  means  of  special  experiments,  it  was  established  that  dyes  prepared  at  different  times  were  identical, 
and  it  was  also  established  that  botli  the  synthesis  and  the  purification  of  the  dyes  were  reproducible. 


Absorption  Maxima  of  Monoazo  D)'es  (in  mp) 


Azo  component 

Diazo  component 

a  - 

naphthol 

3  -  naphthol 

a  -naphthyl -j 
amine  j 

3  -naplithylamii 

1,2-Naphthylamine- 
sulfonlc  acid 

27S, 

278,  310,  49'. 

270,  480 

275,  346,  405 

1,4-Naphihylamine- 
sulfonic  acid  1 

206.  .'t.'')2 

280,  — ,  500 

272,  500 

276,  340,  475 

l.b-Naphthylaniinc- 
sulfonic  acid 

2(iS,  — 

-  .  380,  50.5 

275,  405 

280,  350,  480 

1,6-  Naphthy  lamine- 
sulfonic  acid 

280,  500 

285,  — ,  505 

280,  470 

2.55,  355,  475 

1,7-Naphthylanilne- 
sulfonic  acid 

207.  .510 

283,  — ,  535 

274,  468 

265,  345,  480 

1,8-NaphthylamIne- 
sulfonlc  acid 

27'..  r,02 

— ,  400,  480 

285,  475 

278,  .334,  490 

In  addition,  it  was  established  tliat  Beer's  law  holds  for  water  solutions  of  the  dyes  up  to  a  concentration  of 
20  mg/llter. 

The  absorption  maxima  of  all  of  the  dyes  Investigated  by  us  are  given  in  the  table.  The  absorption  spectra 
of  some  of  the  dyes  prepared  from  a-  and  3  -naphthol  are  shown  in  Figs.  1  and  2,  while  the  absorption  spectra 
of  some  of  ilie  dyes  obuined  from  a-  and  3-naphthylamine  are  shown  in  Figs.  3  and  4. 


Fig.  1.  Absorption  spectra  of  dyes 
derived  from  a-naphtliol.  l)  1,2- 
Naphthylaminesulfonic  acid  —  a- 
naplitholj  2)  1,6-  iiaphthylamine- 
sulfonlc  acid  —  a-iuphthol;  3) 
1,8-naphthylaminesulfonic  acid  — 
a-  naplitliol. 


Fig.  2.  Absorption  spectra  of  dyes 
derived  from  6 -naphthol.  l)  1,2- 
Naphthylamluesulfonic  acid  —  6— 
naphthol}  2)  1,5-naphtliylaminc- 
sulfonlc  acid— 3 -naphthol}  3) 
1,8-naphtliylaminesulfonlc  acid  — 
6-naphtliol. 
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Tlie  obtained  absorption  maxima  Indicate  tliat  a  general  rule  Is  observed  In  the  given  case  regarding  the 
distribution  of  the  absorption  maxima.  The  absorption  bands  belonging  to  the  starting  intermediates:  naphthyl- 
amlnesiilfonlc  acid,  napliilialene,  and  napbthol  [R,  7],  arc  repeated  In  the  short-wave  portion  of  the  spectrum. 

A  very  intense  absorption  band,  Xniax  ='lf>0‘500  m/j ,  belonging  to  the  dye,  appears  In  die  long-wave  portion 
of  die  spectrum.  The  weak  luphthalenc  band,  Xpiax  “  corresponding  to  electron  transition  and  polarized 

along  the  short  b—  b*  axis  [8],  disappears  In  some  of  the  Isomeric  dyes.  In  the  case  of  die  amino  dyes  this  band 
is  shifted  somewliat  toward  die  long- wave  side  (  X^^ax  “  inp). 

Clianglng  the  position  of  die  sulfo  group  in  die  a-monoazo  dye  molecules  falls  to  be  accompanied  by  a 
regular  shift  of  the  absorption  maxima,  either  In  the  short-wave  or  the  long- wave  portion  of  the  spectrum.  For 
the  6 -derivatives  with  the  sulfo  group  In  either  the  2  or  the  8  position  with  respect  to  die  azo  group  a  somewhat 
smaller  shift  (by  25-50  mp)  of  die  absorption  band  is  observed  In  the  long- wave  portion  of  die  spectrum  when 
compared  with  the  other  Isomers. 


«** 
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Fig.  4.  Absorption  spectra  of  dyes 
derived  from  6-naphthylamlne.  l) 
1,2-Naphthylamlnesulfonlc  acid  — 
6-naphthylamlnej  2)  1,4-naphthyl- 
amlnesulfonlc  acid  —  fl- naphthyl- 
amine  j  3)  1,8-naphthylaminesulfonlc 
acid  —  fl-naphthylamlne. 

The  Introduction  of  either  the  OH  or  the  NHj  group  Into  the  naphthalene  ring  has  little  effect  on  the 
position  of  those  absorption  maxima  of  naphthalene  located  In  the  ultraviolet  portion  of  the  spectrum  (X^iax” 

=  220  and  275  mp).  The  effect  of  the  amino  and  hydroxyl  groups  Is  somewhat  different  In  the  long- wave  portion. 
For  most  of  the  Isomers  (nine  out  of  eleven)  the  hydroxyl  group  exerts  a  greater  Influence  on  the  position  of  the 
absorption  maxima  dian  does  the  amino  group.  The  absorption  maxima  for  the  hydroxy  isomers  are  some  20-25mp 
above  those  for  the  amino  Isomers. 

It  Is  obvious  that  this  may  be  linked  with  the  Ionization  of  the  hydroxyl  group,  which  In  the  given  case  Is 
accompanied  by  the  appearance  of  a  constant  effective  negative  charge  on  the  oxygen  atom,  which  leads  to 
enhancing  die  electron- donor  properties  of  die  hydroxyl  group.  Ionization  of  the  amino  group,  as  is  known,  occurs 
only  In  acid  medium. 

CHianging  the  position  of  the  OH  group  In  the  dye  molecule  from  a  to  fl  is  accompanied  by  a  slight  shift 
in  Xjiiax  longer  wavelengdis,  which  Is  possibly  linked  wldi  die  creation  of  Intramolecular  hydrogen 

bonding  between  die  hydrogen  of  the  hydroxyl  and  the  nitrogen  of  the  azo  group  [9,  10].  It  should  be  mentioned 
diat  in  addition  to  this  a  shift  of  the  hydroxyl  group  from  the  o- position  to  the  azo  group  Is  accompanied  by  the 
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Fig.  3.  Absorption  spectra  of  dyes  derived 
from  a -naphdiy famine,  l)  1,2-Naphthyl- 
amlnesulfonic  acid  —  a-naphdiylamlnej 
2)  1,4-naphthylaminesulfonlc  acid  —  a- 
naphthylaminei  3)  1,7-naphthylamlne- 
sulfonlc  acid  —  a-naphthylamine. 


appearance  of  a  new  and  very  weak  absorption  band  around  400  mp,  wtiich  Is  especially  manifest  for  the  dyes 
tliat  liave  a  sulfo  group  In  the  perl- position  with  respect  to  tlie  azo  group. 

A  slilft  of  tlie  amino  group  from  the  a-  to  the  6 -position  Is  accompanied  by  the  appearance  of  a  fairly 
strong  absorption  maximum  around  345  m^ ,  which  Is  absent  In  all  of  the  other  cases,  and  also  of  a  slight  batho- 
chromlc  effect  In  die  long- wave  portion  of  the  spectrum  (see  table). 

Tlie  audiors  wish  to  thank  L.  1.  Belen’kll  and  M.  E.  Kazanskaya  for  their  assistance  In  carrying  out  the 
present  Investigation. 


SUMMARY 

1.  Twenty- four  monoazo  dyes  of  the  Acid  Red  type  were  synthesized  and  their  absorption  spectra  were 
taken  In  die  220-700  mp  region. 

2.  The  effect  of  position  of  die  sulfo  group  and  Introduction  of  hydroxyl  and  amino  groups  on  the  absorption 
spectra  of  various  Isomeric  dyes  was  discussed. 
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In  this  paper  we  present  some  data  relating  to  the  hydration  of  two  isomeric  tertiary  glycerols  of  the 
acetylene  series,  namely  3,4,7-trimethyl-5-octyne-3,4,7-triol  (I)  and  2,3,6-trimethyl-4-octyne-2,3,6-trlol  (IX). 

Investigations  on  the  hydration  of  two  other  acetylenic  triols,  namely  3,4,7-ttlmethyl-5-n6nyne-3,4,7- 
triol  and  2,3,6- trimethyl-4-heptyne- 2,3,6- triol,  were  published  earlier  [1, 

Tlie  data  obtained  in  the  hydration  of  all  four  triols  indicate  that  tertiary  glycerols  of  the  acetylene  series 
undergo  extremely  interesting  and  complex  transformations  under  tlie  conditions  of  the  Kucherov  reaction,  re¬ 
sulting  in  the  formation  of  a  bicyclic  system  composed  of  two  substituted  heterocycles,  a  tetrahydropyran  and  a 
tetra!iydro-y -pyrone,  connected  by  a  semicyclic  bond. 

In  our  work  we  found  that  the  hydration  of  3,4,7-trimethyl-5-octyne-3,4,7-trlol  (I)  at  a  temperature  not 
exceeding  70*  leads  to  the  formation  of  2,2-dimethyl-5-sec-hydroxybutyltetrahydropyranylidene-2',2’-dimethyl- 
5'- sec-hydroxy butyltetraliydro-y -pyrone  (II)  (see  Scheme  1).  If  the  reaction  is  run  on  tlie  boiling  water  bath 
or  if  (II)  is  heated  with  sulfuric  acid  at  the  same  temperature,  then  three  products  are  obtained:  2,2-dlmethyl- 
5-sec-butenyltetrahydropyranylldene- 2’, 2’-dlmethyl-5*-sec-hydtoxybutyltetrahydro-y -pyrone  (III),  as  tlte  result 
of  Incomplete  dehydration  of  (II),  while  2,2-dlmethyl-5-sec-butenyltetrahydro-y -pyrone  (IV)  and  2,2-dimethyl- 
5-sec-hydroxybutyltetrahydro-y -pyrone  (V)  are  obtained  as  the  result  of  the  hydrolytic  cleavage  of  (III). 
Attempts  to  react  (V)  with  H2SO4  and  H2SO4+  HgSQ^  proved  unsuccessful.  Neither  is  the  compound  oxidized  by 
permanganate. 

Our  attempts  to  oxidize  (11)  and  (V)  to  tlie  corresponding  aldehydes  using  Beckmann  reagent  gave  negative 
results,  the  same  as  in  tlie  previous  case  [1,  3],  which  testifies  to  the  tertiary  character  of  the  hydroxyl  groups  In 
these  compounds. 

The  structure  of  (III)  is  proved  by  oxidation  of  the  compound  with  potassium  permanganate,  but  this  also 
proves  the  structure  of  (II),  since  (III)  is  obtained  by  the  dehydration  of  (II).  We  were  unable  to  oxidize  (IV)  due 
to  its  small  yield. 
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The  hydrogenation  of  either  (II)  or  (III)  with  one  mole  of  hydrogen  causes  both  compounds  to  reduce  to  the 
same  2,2-dimethyI-6-sec-butyItetrahydropyranylldene-  2',2’-dimethyI-5’-sec-hydroxybutyItetrahydro-y  -pyrone 
(Vl).  This  serves  as  evidence  that  in  the  hydrogenation  of  (III)  the  first  mole  of  hydrogen  reduces  the  butenyl 
radical  in  tlie  compound  to  the  sec-butyl,  while  In  the  hydrogenation  of  (II)  the  first  mole  of  hydrogen  reduces 
the  hydroxyl  group  of  the  tetrahydropyran  ring,  in  both  cases  leaving  the  semicyclic  bond  completely  untouched. 

The  hydrogenation  of  either  (II)  or  (III)  with  two  moles  of  hydrogen  yields  2,2-dlmethyl-5-sec-butyltetrahydro- 
pyranyl-2’,2’-dlmetliyl-5'-sec-hydroxybutyltetrahydro-y -pyrone  (VII).  The  hydrogenation  of  (IV)  yields  2,2- 
dlmethyl-5-sec-butyltetrahydro-y -pyrone  (VIII)  (see  Scheme  1). 
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The  hydration  of  2,3,6-trimethyl-4-octyne-2,3,6-triol  (IX),  being  an  isomer  of  (I),  caused  the  same  trans¬ 
formations  wliich  occurred  in  the  hydration  of  acetylenic  glycerol  (I)  (see  Scheme  2).  In  tltis  case,  2-methyl- 
2-ethyl-5-hydroxylsopropyItetrahydropyranylidene-  2*-methyl-2'-etliyl-5’-hydroxyisopropyltetrahydro-y  -pyrone 
(X)  and  2-  methyl-  2-ethyl-5-lsoptopenyltetrahydropyranylidene-  2*-  methyl- 2’-ethyl-5*-hydroxyisopropyltetra- 
hydro-y -pyrone  (XI)  were  obtained  even  at  80°.  If  the  reaction  is  completed  by  heating  on  the  boiling  water 
bath,  tlien  besides  (XI),  the  reaction  products  contain  tlie  hydrolytic  cleavage  prodi.ct  of  (Xl),  namely  2-methyl- 
2-ethyl-5-lsopropenyltcttahydro-y -pyrone  (XIl).  Neitlter  (X)  nor  2- methyl- 2- ethyl- 5-hydroxypropy Itetrahydro- 
y-pyrone  (Xlla)  is  present  in  the  reaction  mixture  in  this  case:  the  first  (X)  is  dehydrated  to  (Xl),  and  die 
second  (Xlla)  is  dehydrated  to  (XII). 
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Tlie  special  dehydration  of  (X)  with  sulfuric  acid  solution  (1  ;6)  gave  (Xl),  while  treatment  of  the  latter 
witli  the  same  sulfuric  acid  solution  gave  2-methyl- 2-ethyl-5-isopropenylteirahydro-y -pyrone  (XII),  which  serves 
as  evidence  that  it  is  not  (X)  that  undergoes  hydrolytic  cleavage,  but  instead  it  is  its  incomplete  dehydration 
product  (XI).  The  structure  of  (Xl)  and  (Xll)  is  proved  by  their  oxidation  with  potassium  permanganate,  which 
also  proves  the  structure  of  (X). 

The  hydrogenation  of  tlie  substituted  tetrahydropyranylidenetetrahydropyrone  (X)  with  one  mole  of  hydrogen 
gave  2-  methyl  -  2-etliyl-5-isoptopyltetrahydropyranylidene-  2*-metliyl-  2’-ethyl-5*-hydroxyisopropyltettahydro-y  - 
pyrone  (XIll),  wiiich  is  also  obtained  if  (XI)  is  hydrogenated  with  one  mole  of  hydrogen,  thus  confirming  the 
structure  of  (XIll). 

The  hydrogenation  of  (X)  with  two  moles  of  hydrogen  gave  2- methyl- 2-ethyl-5-isopropyltetrahydropyranyl- 
2’- methyl-2*-ethyl-5’-hydroxypropyltetrahydro-y -pyrone  (XIV). 

2- Metliyl- 2-ethyl- 5- isopropenyltetrahydro-y- pyrone  (XII)  hydrogenates  to  2- methyl- 2-ethyl-5-isopropyl- 
tetrahydro-y -pyrone  (XV). 

EXPERIMENTAL 


3,4,7-Trimethyl-5-octyne-3,4,7-triol  (l) 

Hydration  of  (I).  (I)  was  prepared  by  the  condensation  of  methylethylacetylcarbinol  witli  dlmethylethynyl- 
carbinol  and  had  the  following  constants;  b.  p.  118-119*  (2  mm),  and  n^D  1.4794,  which  corresponds  to  [4]. 

a)  To  10  g  of  3,4,7-trimethyl-5-octyne-3,4,7-triol  in  a  three-necked  flask,  fitted  with  a  reflux  condenser, 
mechanical  stirrer  and  thermometer,  was  added  a  cold  mixture  of  18  ml  of  water,  3  ml  of  concentrated  H2SO4  and 
0.5  g  of  HgS04.  Tlie  temperature  of  the  reaction  mixture  was  raised  to  70*.  The  reaction  product  after  cooling 
was  extracted  with  etlier.  The  etlier  extracts  were  washed  with  sodium  carbonate  solution  and  water,  and  then 
dried  over  Na2SO^.  Removal  of  tlie  ether  by  distillation  left  5.8  g  (60.8‘7o)  of  white  silky  crystals  with  m.  p.  125-126* 
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(from  petroleum  etlier),  being  2,2-dimethyl-5-sec-liydroxybiityltetraliydropyranylidcne-2’,2*-dlmctliyl-5'-sec- 
hydroxybiiiylictraliydro-y  -pyrone  (II). 

Found  %;  C  C8.95,  C8.95;  H  10.11,  9.99{  OH  8.90,  8.70.  M  399.8.  C22H38O5.  Calculated  %: 

C  69.10}  H  9.95}  OH  8.90.  M  382.0. 

b)  A  mixture  of  36  ml  of  HjO,  6  ml  of  concentrated  H2SO4  and  1  g  of  HgSO^  was  added  to  20  g  of  tri- 
methyloctynctriol  (I).  When  the  evolution  of  lieat  had  ceased  the  reaction  mixture  was  stirred  for  75  minutes 
on  the  boiling  water  bath.  The  products,  worked  up  in  the  same  manner  as  in  the  preceding  experiment,  were 
vacuum-distilled.  The  following  fractious  were  Isolated;  1st,  b.  p.  61-62*  (2  mm),  0.6  g  (3.3'yo),  n^D  1.4528} 
2nd,  b.  p.  110-lir  (2  mm),  1.9  g  (9.5%),  n®D  1.4600;  3rd.  b.  p.  170-172*  (4  mm),  8.5  g  (44'yo),  n“D 
1.4976.  Several  more  runs  were  made  under  the  same  conditions. 

All  of  the  fractions  were  vacuum-distilled  separately.  A  colorless  mobile  liquid  was  isolated  from  the  first 
fractions,  being  2,2-dimcthyl-5-scc-butenyltctrahydro-y -pyrone  (IV). 

B.  p.  61-62*  (2  mm),  d^4  0.9495,  n^D  1.4528,  MR  51.80.  CiiH^Oz  p.  Calculated  51.98. 

Found  C  72.64,  72.38;  H  9.78,  10.04;  OH  none.CiiHigOj.  Calculated  %;  C  72.52;  H  9.89. 

A  viscous  greenish  liquid  was  obtained  from  die  fraction  with  n^D  1.4600,  in  all  of  its  constants  correspond¬ 
ing  to  2,2-dimeihyl-5-sec-liydroxybutyltetrahydro-y -pyrone  (V). 

B.  p.  130-131*  (3  mm),  d“4  0.9995,  n^D  1.4570,  MR  54.49;  Calc.  53.98. 

Found  "/o;  C  66.30,  65.91;  H  10.00,  9.96;  OH  9.19,  8.90.  M  209.6.  CnHjoOj.  Calculated  <70; 

C  66.00;  11  10.00;  Ql  8.50.  M  209.6. 

A  quite  viscous  yellow  liquid  was  isolated  from  die  fraction  with  b.  p.  170-172*  (4  mm),  which  changed 
readily  when  stored,  and  was  2,2-dimethyl-5-sec-butenyltetrahydropyranylidene-2',2*-dimethyl-5'-sec-hydroxy- 
btitylteirahydro-y -pyrone  (III). 

B.  p.  159-160*  (3  mm),  d“4  1.021,  n^D  1.4983,  MR  104.7.  C22H36O4P2.  Calculated  103.3. 

Found  <70;  C  72.61,  72.88;  H  9.95,  9.85;  OH  4.92,  5.02.  M  381.5,  374.9.  C22H35O4.  Calculated 
C  72.60;  H  9.89;  OH  4.67.  M  364. 

Dehydration  of  2,2-dimethyl-5-sec-hydroxybutyItetrahydropyranylidene-2*,2*-dimethyl-5*-sec-hydroxy- 
butyltotrahydro--y- -pyrone  (11)  with  H2SO4  solution  (1  ;6).  A  mixture  of  5.0  g  of  pyranylidenetetrahydropyrone  (II) 
and  28  ml  of  H2SO4  (1 :6)  was  stirred  for  35  minutes  on  die  boiling  water  badi  (96-98*).  The  reaction  products 
were  worked  up  in  the  same  manner  as  in  die  hydration  experiments.  Vacuum-distillation  gave  3.5  g  (73.5*70)  of 
a  viscous  yellow  liquid,  being  2,2-dimethyl-5-sec-butenyItetrahydropyranylidene-2’,2*-diniediyl-5’-sec-hydroxy' 
butyltetrahydro- y -pyrone  (III)  with  b.  p.  145-146*  (2  mm),  159-160*  (3  mm),  and  ir®D  1.4970. 

Action  of  H2SO4  solution  (1  ;6)  on  2,2-diinethyI-5-$ec-butenyltetrahydropyranylidene-2*,2*-dimethyl-5*- 
sec-hydroxybutyltctrahydro-'y  -  pyrone  (Ill).  A  mixture  of  9.3  g  of  pyranylidenetetrahydropyrone  (III)  and  70  ml 
of  H2SO4  solution  was  stirred  for  2  hours  on  the  boiling  water  bath.  The  products  were  worked  up  as  usual  and 
then  vacuum-distilled.  The  following  fractions  were  collected:  1st,  b.  p.  90-92*  (4  mm),  1.3  g  (28.0*7o), 
n^D  1.45  20  }  2nd,  b.  p.  145-148*  (4  mm),  3.2  g  {G2.1%),  n^D  1.4590;  3rd,  b.  p.  170*  (4  mm),  0.5  g. 

Redistillation  of  the  1st  fraction  gave  a  clear  mobile  liquid,  being  2,2- dimethyl- 5- sec- butenyltetrahydro- 
y -pyrone  (IV)  with  b.  p.  61-62*  (2  mm),  and  n^D  1.4528. 

The  liquid  isolated  from  die  2nd  fraction  was  2,2-dimethyl-5-scc-hydroxybutylletrahydro-y -pyrone  (V) 
with  b.  p.  130-131*  (3  mm),  and  n^D  1.4568. 


Oxidation  of  2,2-dimctliyl-5-sec-biitenyltctrahvdropyranyIidcnc-2\2'-dimethyl-5*-sec-hydroxybutyl- 
tetrahydro-y  -  pyrone  (111)  with  KMiiOj  solution.  A  solution  ot  18.2  g  of  KMn04  in  450  ml  of  water,  corresponding 
to  6  atoms  of  active  oxygen  per  mole  of  compound,  w\'is  added  dropwise  to  10.9  g  of  (111)  in  50  ml  of  water.  Two 
grams  of  unoxidized  (111)  W'as  recovered  from  the  neutral  products.  In  addition,  distillation  through  a  column  gave 
0.3  g  of  a  fraction  with  b.  p.  58-60*  and  0.2  g  of  a  fraction  with  b.  p.  72-78*.  The  2,4-dinitrophcnylhydrazones 
were  prepared  from  the  two  fractions  whicli  melted  respectively  at  123-124*  and  113-114*,  and  failed  to  depress 
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the  melting  point  wlien  mixed  with  tlic  dlnltrophenylliydrazones  of  acetone  and  methyl  ethyl  ketone,  re¬ 
spectively. 

It  was  shown  qiialltatlvely  tliat  the  volatile  acids  contain  formic  (formation  of  mercurous  chloride)  and 
acetic  (formation  of  cacodyl  oxide)  acids.  Also,  tlie  silver  salt  of  acetic  acid  was  prepared  and  analyzed.  From 
the  nonvolatile  acids,  we  Isolated  1.5  g  of  oxalic  acid  with  m.  p.  101-102*  (mixed  melting  point)  and  1.5  g  of 
a  viscous  liquid,  the  fractional  sublimation  of  which  gave  small  amounts  of  of-hydroxyisobutyrlc  acid  with  m.  p. 
78-79*  (mi.xcd  melting  point)  and  a- methyl- a-hydroxybutyrlc  acid  with  m.  p.  70-71*  (mixed  melting  polnO. 

Hydrogenation  of  2,2-dimethyl-.5-sec-hydroxyhutyltetrahydropyranvlidenc- 2',2*-dimethvl-5*-sec-hvdroxy- 
hiityltetraiiydfO-Y  -pyronc  (11).  a)  Addition  of  one  mole  of  hydrogen:  3  g  of  (II)  was  hydrogenated  over  0.03  g  of 
PtOj  In  60  ml  of  CHjGOOH  at  696.4  mm  and  22*  (the  catalyst  was  previously  saturated  with  hydrogen).  The 
hydrogenation  was  stopped  when  210  ml  of  hydrogen  had  been  absorbed  (theory  for  211  =  207  ml).  The  catalyst 
was  filtered,  and  the  product  was  dissolved  In  etlier.  The  acetic  acid  was  neutralized  with  sodium  carbonate 
solution  and  water.  The  ether  solution  was  dried,  the  ether  was  distilled  off,  and  the  product  was  vacuum- 
distilled.  We  isolated  2,6  g  (90.2%)  of  a  viscous  yellow  liquid,  wlilch  was  2,2’-dimetliyl-5-sec-butyltetra- 
hydropyrany lidene- 2*, 2'- dimethyl- 5’-sec-hydroxybutyltetrahydro-y  -pyrone  (VI). 

B.p.  169-170*  (2  mm),  d“4  1.018,  n^D  1.4880,  MR  103.6.  C22Hj,04p.  Calculated  103.7. 

Found  %:  C  72.36,  72.36|  H  10.54,  10.54i  OH  4.86,  4.84.  C22Hs,04.  Calculated  %:  C  72.13| 

H  10.39t  OH  4.64. 

b)  Addition  of  two  moles  of  hydrogen:  5  g  of  (U)  was  hydrogenated  over  0.04  g  of  PtOj  In  70  ml  of 
CHjCOOH  at  697.3  mm  and  22*  (the  catalyst  was  previously  saturated  with  hydrogen).  The  amount  of  hydrogen 
absorbed  was  690  ml  (tlieory  for  4H  =689.4  ml).  The  product  was  worked  up  as  before  and  then  vacuum- distilled. 
We  obtained  3.9  g  (81%)  of  a  viscous  yellow  liquid,  which,  based  on  the  analysis  data,  was  2,2-dimethyl-5-sec- 
butyltetrahydropyranyl-2’,2*-dlmetliyl-5’-sec-hydtoxybutyltetrahydro-  y  -pyrone  (VII). 

B.  p.  185-186*  (5  mm),  d®4  1.015,  n^D  1.48  20,  MR  103.3;  Calc.  104.2. 

Found  %:  C  71.76,  71.55;  H  10.70,  10.66;  OH  5.10,  5.01.  M  378.6,  382.4.  C22H40O4.  Calculated  %: 
C  71.74;  H  10.87;  OH  4.62.  M  368. 

Hydrogenation  of  2,2-dlmethyl-5-sec-butenyltetrahydropyranylldene-2,2*-dimethyl-5’-sec-hydroxybutyl- 
tetrahydro-y  -pyrone  (111),  a)  Addition  of  one  mole  of  hydrogen:  5.4  g  of  (III)  was  hydrogenated  over  0.03  g 
of  Pt02  in  60  ml  of  CH3COOH  at  698.0  mm  and  21*  (the  catalyst  was  previously  saturated  with  hydrogen).  The 
hydrogenation  was  stopped  when  420  ml  of  hydrogen  had  been  absorbed  (theory  for  2H  =  389.5  ml).  The  product 
was  worked  up  in  the  usual  manner  and  was  vacuum- distilled.  We  isolated  4.6  g  (84.7%)  of  a  viscous  liquid, 
corresponding  to  2,2-dlmethyl-5-sec-butyltetrahydropyranylidene-2*,2’-dlmethyl-5*-sec-hydroxybutyltetrahydro- 
y -pyrone  (VI).  B.  p.  169-170*  (2  mm),  and  n^D  1.4880. 

Found  %:  C  72.43,  72.09;  H  10.46,  10.33;  OH  4.69,  4.86.  C22H38O4.  Calculated  %;  C  72.13; 

H  10.38;  OH  4.64. 

b)  Addition  of  two  moles  of  hydrogen:  4.8  g  of  (III)  was  hydrogenated  over  0.04  g  of  Pt02  In  50  ml  of 
CH3COOH  (the  catalyst  was  previously  saturated  with  hydrogen).  The  amount  of  hydrogen  absorbed  was  700  ml 
(theory  for  4H  (695.9  mm,  20*)  =  692.2  ml).  The  product,  after  working  up  as  before,  was  vacuum-distilled. 

We  obtained  4.5  g  (92.7%)  of  a  viscous  liquid,  which  was  2,2-dlmethyl-5-sec-butyltetrahydropyranyl-2’,2'- 
dlmethyl-5’-sec-hydroxybutyltetrahydro- y -pyrone  (VII)  wltlt  b.  p.  147-148*  (1  mm),  185-186*  (5  mm),  and 
n“D  1.4820. 

Found  %x  C  71.80,  71.73;  H  10.72,  10.88;  OH  5.14,  4.79.  M  378.7,  368.0.  CaH^^jQ*.  Calculated  %: 
C  71.74;  H  10.87;  OH  4.62.  M  368. 

Hydrogenation  of  2,2-dImethyl-5-sec-butenyltettahydro-Y  -pyrone  (IV).  A  solution  of  1.3  g  of  tetrahydro- 
pyrone  (IV)  in  30  ml  of  acetic  acid  was  hydrogenated  over  0.03  g  of  Pt02  (tlte  catalyst  was  previously  saturated 
with  hydrogen).  The  amount  of  hydrogen  absorbed  was  280  ml  (tlieory  for  2H  (689.4  mm,  25*)  =  189.1  mO. 

The  product,  worked  up  in  tlic  usual  manner,  was  vacuum- distilled.  We  Isolated  1.1  g  (83.9%)  of  a  mobile 
liquid,  which  based  on  all  of  the  aiulytlcal  data,  was  2,2- dimethyl- 5- sec- butyltetrahydro-  y -pyrone  (VIII), 
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B.  p.  97-93*  (20  mm),  0.9264,  n®D  1.4398,  MR  52,32}  Calc.  52.45. 

Found  7oi  C  71.85,  71.52;  H  11.15,  11.14;  OH  none. CuHjoOj.  Calculated  7o:  C  71.73;  H  10.87. 

2,3,6-Trlmeihyl-4-octyne  -  2,3,6-triol  (IX) 

Hydration  of  (IX).  Triol  (X)  was  prepared  by  the  condensation  of  dimetliylacetylcarbinol  witli  methyl- 
etliylethynylcarblnol  and  had  the  following  constants:  b.  p.  121-122*  (1.5  mm),  and  n^D  1.4799,  which 
corresponds  to  [5j. 

a)  Ten  grams  of  2,3,6-trlmetltyl-4-octyne- 2,3,6-triol  was  liydrated  with  a  mixture  of  18  ml  of  HjO,  3  ml 
of  HjSO^  and  0.5  g  of  HgSO^.  The  temperature  of  tlie  reaction  was  raised  to  80*.  The  products  were  worked  up 
In  the  usual  manner.  We  isolated  4.8  g  (50.37o)  of  a  crystalline  product  and  2.9  g  (31.87o)  of  a  liquid. 

The  crystalline  product,  after  several  recrystallizations  from  petroleum  ether,  had  m.  p.  124-125**  and, 
based  on  all  the  data.  Is  2- methyl- 2-ethyl- 5-hydroxyisopropyltetrahydropyranylldene- 2*- methyl- 2*-etliyl- 5'- 
hydroxylsopropyltetrahydro-  y  -pyrone  (X). 

Found  7o;  C  68.85,  69.23;  H  10.14,  10.01;  OH  8.96,  8.59.  M  397.3,  381.7.  CjzHasOg. 

Calculated  7o:  C  69.10;  H  9.95;  OH  8.9.  M  382. 

The  liquid  product  was  vacuum-distilled  twice,  and  is  2- methyl- 2-ethyl-5-lsopropenyltetrahydro- 
pyranylidene-  2-  methyl- 2-ethyl- 5-isopropenyltetrahydtopyranylidene- 2*- methyl- 2’- ethyl- 5’-hydroxypropyl- 
tetrahydro-  y- pyrone  (XI). 

B.  p.  148-149*  (2  mm),  d®4  1.016,  n®D  1.4903,  MR  103.6.  C22Hs«04  pj-  Calculated  103.3. 

Found  7o:  C  72.73,  72..38;  H  9.91,  9.91;  OH  5.09,  5.04.  M  345.6,  342.0.  C22H3a04.  Calculated  7o: 

C  72.50}  H  9.89;  OH  4.67.  M  364. 

b)  A  mixture  of  41.4  ml  of  H;0,  7.68  ml  of  concentrated  H2SO4  and  1.29  g  of  HgS04  was  used  to  hydrate 
25.6  g  of  trimethyloctynetriol  (IX).  When  the  evolution  of  heat  had  ceased,  tlie  reaction  mixture  was  stirred  for 
75  minutes  on  the  boiling  water  batli.  The  products,  worked  up  as  before,  were  vacuum-distilled.  The  following 
fractions  were  isolated;  1st,  b.  p.  59-61*  (4  mm),  6.0  g  (25.77o),  n®D  1.4475;  2nd,  b.  p.  61-66*  (4  mm), 
several  drops;  3rd,  b.  p.  142-143*,  7.5  g  (32.27o),  n^D  1.4899. 

Redistillation  of  the  1st  fraction  gave  a  clear  mobile  liquid,  corresponding  to  2- me  thy  1-2- ethyl- 5- iso- 
propenyltetrahydro- y  -  pyrone  (Xll). 

B.p.  95-96"  (15  mm),  d®4  0.9330,  n^D  1.4468,  MR  52.11.  CnHicOjp.  Calculated  51.98. 

Found  7o;  C  72.54,  72.56;  H  9.83.  9.90;  OH  none CuHijOj.  Calculated  7o:  C  72.52;  H  9.89. 

The  3rd  fraction,  a  quite  viscous  liquid,  corresponds  to  2-methyl-2-ethyl-5-lsopropenyltetrahydropyranylldene- 
2*-methyl-2’-etliyl-5*-hydroxylsopropyltetraliydto- y -pyrone  (Xl)  with  b.  p.  148-149*  (2  mm),  d®4  1.015,  and 
n®D  1.4903. 

Dehydration  of  2- methyl-  2-ethyl-5-hydroxyisopropyltetrahydropyranylidene-2’-methyl-2’-ethyl-5*-hydroxy- 
isopropyltetrahydro- y -pyrone  (X)  with  HjSO.j  solution  il  ;6).  A  mixture  of  2.5  g  of  (X)  and  12  ml  of  H2SO4 
solution  (1  ;6)  was  stirred  for  30  minutes  on  tlie  boiling  water  bath  (96-97").  The  reaction  product,  worked  up 
In  the  same  manner  as  the  hydration  products,  was  vacuum-distilled.  We  isolated  1.7  g  (72.37o)  of  a  viscous 
liquid,  corresponding  to  2-methyl-2-ediyl-5-lsopropenyltetrahydropyranylidene-2'-methyl-2’-ethyl-5'-hydroxy- 
Isopropyltetrahydro- y- pyrone  (XI)  witli  b.  p.  171-172*  (5  mm),  148-149*  (2  mm),  and  n^D  1.4892. 

Found  7o:  CXI  4.28.  C2olis8C)4.  Calculated  7os  OH  4.67. 

Action  of  H2SO4  solution  (1  ;6)  on  2-metliyl-2-ethyl-5-lsopropenyltetrahydropyranylldene-2*-methyl-2*- 
ethyl-5*-hydroxyisopropyltetrahydro-  y  -  pyrone  (XI).  A  mixture  of  8.4  g  of  (Xl)  and  36  ml  of  H2SO4  solution 
(1  ;6)  was  stirred  for  75  minutes  on  the  boiling  water  bath.  The  products,  worked  up  as  usual,  were  vacuum- 
distilled.  The  following  fractions  were  isolated;  1st,  b.  p.  56-57*  (10  mm),  0.8  g  (20'yo),  n®D  1.4460; 

2nd,  b.  p.  127-129*  (3  mm),  0.2  g,  n^D  1.4745;  3rd,  b.  p.  166-168*  (3  mm),  5.5  g,  n^D  1.4885. 
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The  1st  fraction  was  redistilled.  Tlic  collected  product  was  2- methyl- 2-cihyl-5-lsopropenyltetrahydro-y - 
pyrone  (XIl)  wlili  b.  p.  95-90’  (15  mm),  and  n^D  1.4408.  The  .'Ird  fraction  was  starling  (XI). 

0.x Ida t ion  of  2- me tliy  1-2- ethyl-. 5- isopropcnyltet rally dropyranyjldcnc- 2'- tnethyl- 2*-ethyl-5*-hydroxylso- 
propyltetraliydro-y -pyrone  (XI)  with  KMnO^  solntion.  A  sohuion  of  8.35  g  of  KMnO^  in  210  ml  of  HjO, 
corresponding  to  7  atoms  of  active  oxygen  per  mole  of  compound,  was  added  dropwlse  to  5.0  g  of  (XI)  In  50  ml 
of  MjO.  From  the  neutral  products  we  isolated  1.4  g  of  a  viscous  liquid  with  b.  p.  148-149*  (2  mm)  and  n*D 

l. 4880,  which  was  starting  (XI).  In  addition,  we  isolated  0.2  g  of  acetone  (2,4-dinitrophenylliydrazone,  m.  p. 
124-125*,  itiixcd  melting  point)  and  0.4  g  of  tnethyl  ethyl  ketone  (2,4-dlnltrophenylhydrazone,  m.  p.  113-114*, 
mixed  melting  point). 

It  was  shown  qualitatively  that  the  volatile  acids  (0.79  g)  contain  formic  (mercurous  chloride)  and  acetic 
(cacodyl  oxide)  acids.  Silver  acetate  was  prepared  and  analyzed.  From  the  nonvolatile  acids,  we  isolated  0,7  g 
of  oxalic  acid  with  m.  p.  101-102*  (mixed  melting  point)  and  1.0  g  of  a  mixture  of  a-hydroxylsobutyric  acid, 

m.  p.  78-79*  (mixed  melting  point),  and  a- methyl- a-hydroxybutyric  acid,  m.  p.  71-72*  (mixed  melting  point), 
which  were  separated  by  fractional  sublimation. 

Oxidation  of  2-inethyI-2-ethyl-5-i5opropenyltetrahydro-y-pytone  (XII)  with  KMnO^  solution.  A  solution 
of  24.1  g  of  KMnO^  in  600  ml  of  water,  corresponding  to  5  atoms  of  active  oxygen  per  mole  of  compound,  was 
added  dropwise  to  7.0  g  of  (XII)  In  50  ml  of  water.  From  the  neutral  products  we  Isolated  0.4  g  of  methyl  ethyl 
ketone,  characterized  as  the  2,4-dinitrophenylhydrazone  with  m.  p.  114-115*  (mixed  melting  point  with  authentic 
specimen). 

The  volatile  acids  (2.05  g)  were  shown  to  contain  formic  (mercurous  chloride)  and  acetic  (cacodyl  oxide, 
silver  salt)  acids.  From  the  nonvolatile  acids,  we  Isolated  1.0  g  of  oxalic  acid  with  m.  p.  101-102*  (mixed 
melting  point)  and  1.0  g  of  a-metliyl-a-hydroxybutyrlc  acid  with  m.  p.  71-72*  (mixed  melting  point). 

Hydrogenation  of  2-meth\T- 2-ethyl-5-lsopropenyltetrahydropyranylidene- 2'- methyl- 2*-ethyl-5’-hydroxylso- 
propyltetrahydro-y  -pyrone  (XI).  a)  Addition  of  one  mole  of  hydrogen:  2.9  g  of  (XI)  was  hydrogenated  over 
0.03  g  of  Pt02  in  40  ml  of  CHgCOOH  at  693.5  mm  and  20*  (the  catalyst  vras  previously  saturated  with  hydrogen). 
The  hydrogenation  was  stopped  when  210  ml  of  hydrogen  had  been  absorbed  (theory  for  2H  =  208.9  ml).  The 
product  was  worked  up  In  tlie  same  manner  as  before,  and  then  was  vacuum-distilled.  We  isolated  2.6  g  (89.2^o) 
of  a  very  viscous  liquid,  corresponding  to  2-methyl-2-ethyl-5-lsopropyltetrahydropyranylldene-2*-mediyl-2*- 
ethyl-5'-hydroxyisopropyltettahydro- y  -pyrone  (XIII). 

B.  p.  165-166*  (4  mm),  d^^  1.0130,  n^D  1.4846,  MR  103.5.  C22H38O4P.  Calculated  103.75. 

Found  ^yo:  C  72.19,  72.38j  H  10.30,  10.49j  OH  4.77,  4.33.  Calculated <yo:  C  72.13| 

H  10.38;  OH  4.64. 

b)  Addition  of  two  moles  of  hydrogen:  4.0  g  of  (XI)  was  hydrogenated  over  0.04  g  of  Pt02  In  50  ml  of 
acetic  acid  at  695.4  mm  and  21.5"  (dte  catalyst  was  previously  saturated  with  hydrogen).  The  amount  of 
hydrogen  absorbed  was  590  ml  (dieory  for  4H  =580  ml).  The  product,  worked  up  as  usual,  was  vacuum- distilled. 
We  obtained  3.2  g  (79.1%)  of  product,  corresponding  to  2-methyl-2-ethyl-5-isopropyltetrahydropyranyl-2*- 
methyl-2*-ethyl-5*-hydroxyisopropyltetrahydro-  y- pyrone  (XIV). 

B.  p.  193-194*  (6  mm),  d^^  1.003,  n®D  1,4793,  MR  104.0;  Calc.  104.2. 

Found  %:  C  72.':i,  71.83;  H  10.71.  10.69;  OH  5.43,  4.89.  M  371.7,  384.1.  C22H40O4. 

Calculated  %:  C  71.74;  H  10.87;  OH  4.62.  M  368. 

Hydrogenation  of  2- methyl- 2-eihyl-5-hydroxylsopropyltetraliydropyranylidene- 2’- methyl- 2*-ethyl-5'- 
hydroxylsopropyltetraliydro-y  -  pyrone  (X).  a)  Addition  of  one  mole  of  hydrogen:  2  g  of  (X)  was  hydrogeiuted 
over  0.03  g  of  Pt02  in  40  ml  of  CH3COOH  (the  catalyst  was  previously  saturated  with  hydrogen).  The  hydro¬ 
genation  was  stopped  after  the  absorption  of  160  ml  of  hydrogen  (dieory  for  2H  (693.5  mm,  25*)  =  140  ml) 
and  the  product,  worked  up  in  the  usual  manner,  was  vacuum- distilled.  We  obtained  1.8  g  (94.7%)  of  a  viscous 
liquid,  corresponding  to  2-methyl-2-ediyl-5-lsopropyltetrahydropyranylldene-2’-methyl-2’-ethyl-5'-hydroxylso- 
propyltetraliydro-y  -  pyrone  (XIII). 
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B.  p.  175-176*  (5  inm),  165-166*  (4  mm),  1.0120,  1.4842,  MR  103.50.  Cj^HajO^p. 

Calculated  103.75. 

Found  <70:  C  72.28  ,  72.33|  H  10.28,  10.29;  OH  5.07,  5.23.  CzjHsjO^.  Calculated ‘^0;  C  72.13; 

H  10.38;  OH  4.64. 

b)  Addition  of  two  moles  of  hydrogen;  2.0  g  of  (X)  was  hydrogenated  over  0.03  g  of  PtOj  in  40  ml  of 
CHjCOOH  at  691.5  mm  and  25*  (the  catalyst  was  previously  saturated  wltli  hydrogen).  The  amount  of  hydrogen 
absorbed  was  290  ml  (tlieory  for  4H  =280.6  ml).  The  product,  worked-up  as  usual,  was  vacuum-distilled.  We 
Isolated  1.65  g  (82.57o)  of  a  viscous,  slightly  yellow  liquid,  being  2-metliyl-2-ethyl-5-lsoptopyltetrahydro- 
pyranyl-2'-  metliyl-  2’-etliyl-5*-hydroxylsopropyltetrahydro-y-pyrone  (XIV). 

B.  p.  182-183*  (3  mm),  d^^  1.005,  n®D  1.4793,  MR  103.9;  Calc.  104.2. 

Found -yo:  C  71.94,  71.88;  H  10.74,  10.87;  OH  5.61.  C22H40O4.  Calculated  <70;  C  71.74;  H  10.87; 

OH  4.62. 

Hydrogenation  of  2- methyl-  2-etlivl-5-lsopropeiiylietrahydro-y  -pyrone  (Xll).  A  solution  of  4.5  g  of 
tetrahydropyrone  (Xll)  in  30  ml  of  CH3GOOH  was  liydrogenated  over  0.03  g  of  PtO^  (tlie  catalyst  was  previously 
saturated  witli  hydrogen).  The  amount  of  hydrogen  absorbed  was  680  mi  (tlieory  for  2H  (693  mm,  22*)  = 

=  656.3  ml).  The  product,  worked  up  as  usual,  was  vacuum- distilled.  We  isolated  3.6  g  (79.1*70)  of  a  mobile 
liquid,  based  on  all  of  the  data,  corresponding  to  2-methyl- 2-ethyl-5-lsopropyltetrahydro- y-pyrone  (XV). 

B.  p.  89-90*  (13  mm),  d^4  0.9245,  n^D  1.4383,  MR  52.28;  Calc.  52.45. 

Found  *7);  C  71.50,  71.99;  H  10.95,  10.92.  M  183.3.  C^HjoGj.  Calculated  *7);  C  71.73;  H  10.87, 

M  184.0. 

SUMMARY 

1.  The  behavior  of  two  Isomeric  triols  of  the  acetylene  series,  3,4,7-trlmethyl-5-octync-3,4,7-trlol  and 
2,3,6- trlmetliyl-4-octyne- 2,3, 6-trlol,  was  examined  under  the  conditions  of  the  Kucherov  reaction. 

2.  It  was  shown  that  tlie  reaction  products  obtained  here  are  2,2-dimethyl-5-sec-hydroxybutyltetrahydro- 
pyranylidene-2*,2’-dimeiliyl-5*-sec-hydroxybutyltetrahydro-  y  -pyrone  and  2-metliyl-2-etliyl-5-hydroxylso- 
propyltetraliydropyranylidcne-2*-methyi-2'-ethyl-5*-hydroxyisopropyltetrahydro-y  -pyrone,  respectively. 

3.  Raising  the  hydration  temperature  causes  the  latter  compounds  to  dehydrate  with  the  formation  of 

2.2- dlmeiliyl-5-sec-butenyltetrahydropyranylidenc-2',2'-dlmetliyl-5*-sec-hydroxybutyltetrahydro-y-pyrone 

and  2-methyl-2-etliyl-5-lsopropenyltetrahydropyranylidene- 2*- methyl- 2*-ethyl-5*-hydroxyisopropyltetrahydro-y- 
pyrone,  respectively,  which  under  the  reaction  conditions  undergo  partial  hydrolytic  cleavage,  tlie  first  giving 

2.2- dimetliyl-5-sec-butenyltetrahydro-y  -pyrone  and  2,2-dimethyl-5-sec-hydroxybutyltetrahydro-y -pyrone, 
and  tlie  second  giving  2- methyl- 2- etliy  1-5- Isopropenyltetraliydro-y -pyrone. 
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The  hydration  of  some  tertiary  glycerols  of  the  acetylene  series  was  described  In  previous  communica¬ 
tions  [1-3J.  It  was  sliown  that  compounds  of  this  type  are  transformed  under  the  conditions  of  the  Kucherov 
reaction  into  compounds  of  the  general  formula 
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and  a  possible  mechanism  was  given  for  the  transformation. 

Heating  compounds  of  the  Indicated  general  formula  with  sulfuric  acid  causes  the  cleavage  of  one  molecule 
of  water.  Involving  the  oxygen  found  In  the  (a)  ring,  and  on  further  heating  with  sulfuric  acid  or  at  a  higher 
temp>erature  there  occurs  hydrolytic  cleavage  of  the  semlcycllc  double  bond  into  two  molecules  of  substituted 
tetrahydro-y  -pyrone. 

In  this  paper  we  present  the  data  obtained  by  us  In  the  hydration  of  two  new  acetylenic  glycerols,  contain¬ 
ing  the  cyclohexyl  radical,  namely  5- methyl- 2-(l-hydroxycyclohexyl)-3-hexyne-2,5-dioi  (I)  (Scheme  1)  and 
2,4-bls(l-hydroxycyclohexyl)-3-butyn-2-ol  (V)  (Scheme  2).  Only  one  reaction  product  was  Isolated  In  each 
case;  the  hydration  of  triol  (l)  gave  2,2-dimethyl-5-(l-hydroxycyclohexyl)tetrahydropyranylidene-2',2*-dl- 
methyl-5*-(l-hydroxycyclohexyl)  tetrahydro-y -pyrone  (II),  while  the  hydration  of  the  second  triol  (V)  gave 
2-splrocyclohexane-5-(l-hydroxycyclohexyl)  tetrahydropyranylldene-2'-splrocyclohexane-5*-(l-hydtoxycyclo- 
hexyl) tetrahydro-y -pyrone  (Vl). 
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Scheme  1 
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The  structure  of  these  compounds  follows  by  analogy  from  the  earlier  investigations  [1-3],  wliere  it  was 
proved  experimentally}  the  composition  was  confirmed  by  the  analyses.  For  (II)  we  obulned  the  dinitrophenyl- 
hydrazone,  wliich  when  analyzed  for  nitrogen  also  gave  an  excellent  agreement  of  the  found  and  calculated  values. 

The  hydrogenation  of  (II)  over  platinum  oxide  obeyed  the  same  rule  as  was  observed  in  all  of  the  previously 
described  cases;  it  fails  to  go  at  all  in  neutral  solvents.  In  acetic  acid  solution  tlie  hydrogenation  with  one  mole 
of  hydrogen  results  in  the  exclusive  reduction  of  one  hydroxyl  group,  leading  to  the  formation  of  2,2-dimethyl-5- 
cyclohexy Itetrahydropyranylldene- 2’, 2'- dimethyl- 5*-(l-hydroxycyclohexy  1)  tetrahydro-y  -pyrone  (III);  if  hydro¬ 
genation  is  with  two  moles  of  hydrogen  tlie  double  bond,  connecting  the  two  rings,  is  reduced,  and  2,2-dimethyl- 
5-cyclohexyltctrahydropyranyl-2’,2*-dimetliyl-5’-(l-hydroxycyclohcxyl)  tetrahydro-y -pyrone  (IV)  is  formed. 

Our  attempts  to  hydrogenate  (VI)  under  the  same  conditions  gave  negative  results,  since  the  hydrogenation 
of  this  compound  fails  to  go  in  neuual  solutions,  while  the  compound  is  insoluble  in  acetic  acid. 


EXPERIMENTAL 

1.  Hydration  of  5  -  Me  th  y  1- 2- (l  -  hy  d  roxy  c  y  c  lohe  xy  l)- 3- h  e  xy  ne  -  2, 5  -  d  io  1  (I) 

5-Methyl- 2-(l-hydroxycyclohexyl)-3-hexyne-2,5-dlol  (I)  (m.  p.  87-88*)  was  obuined  as  described  earlier 
[4]  by  the  condensation  of  dlmethyletliynylcarbinoi  with  acetylcyclohexanol. 

5-Methyl-2-(l-hydto.xycyclohcxyl)-3-hexyne-2,5-diol  (I)  (31.4  g)  was  added  in  portions  to  a  cold  mixture 
of  50  ml  of  water  with  9.5  ml  of  concentrated  H2SO4  and  2.1  g  of  HgSO^.  The  temperature  of  the  reaction 
mixture  reached  60-70*  due  to  exotliermlc  heat.  The  reacuon  product  was  worked  up  in  the  same  manner  as  in 
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2,4-Bis(l-hydroxycyclohexyl)-3-butyn-2-ol  (V)  (m.  p.  107-108*)  was  prepared  by  the  condensation  of 
ethynylcyclohexanol  with  acetylcyclohexanol  [4]. 


Ten  grams  of  2,4-bis  (l-hydroxycyclohexyl)-3-butyn-2-ol  was  added  In  portions  to  a  homogeneous  solution 
of  27.3  ml  of  HjO,  5.3  ml  of  concentrated  H^04  and  1.0  g  of  HgSO^.  After  adding  all  of  the  triol,  the  reaction 
mixture  was  heated  on  the  boiling  water  bath  for  1  hour.  The  product  was  worked  up  the  same  as  before  [1-3], 
After  several  recrysulllzations  from  a  mLxture  of  benzene  and  petroleum  ether  we  obtained  5.2  g  (53,8*^)  of 
transparent  crystals,  being  2-splrocyclohexane-5-(l-hydroxycyclohexyl)  tetrahydtopyranylldene-2*-splrocyclo- 
hexane-5*-(l-hydroxycyclohexyl)  tetrahydro-  y  -pyrone  (VI). 

Found  <7o:  C  74.85,  74.56*  H  10.13,  9.90*  OH  7.03,  6.95.  M  505.6.  CajHgoO^.  Calculated 
C  74.71*  H  9.72*  OH  6.61.  M  5.14. 

We  were  unable  to  obtain  either  the  2,4-dinltroplienylhydrazonc  or  the  semicarbazone  of  the  compound. 

•  Since  the  specific  gravity  of  tlte  product  could  not  be  determined,  we  determined  the  molecular  refraction 
In  solution  [5],  using  dioxane  as  the  solvent. 
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SUMMARY 


1.  The  tenlary  glycerols  of  die  acetylene  series,  5-nicihyl-2-(l-hydroxycyclohexyl)-3-hexyne-2,5-diol 
and  2,4-bIs(l“hydroxycyclohexyl)-3-butyn- 2-oI*,  were  hydrated  by  the  Kucherov  procedure. 

2.  Similar  to  previously  obtained  results,  hydration  of  die  Indicated  triols  gave  2,2-dimethyl“5-(l-hydroxy- 
cyclohexyl)tetrahydropyranylidene-2',2'-dimediyl-5'-(l-hydroxycyclohexyl)  tetrahydro-y  -pyrone  and  2-splro- 
cycloliexane-6-(l-hydroxycyclohcxyl)tctrahydropyranylidenc-2*-spirocyclohexane-5*-(l-hydroxycyclohexyl)- 
tetrahydro-y  -pyrone,  respectively. 

3.  The  same  as  in  all  of  die  previous  cases  examined,  the  reduction  of  2,2-dimediyl-5-(l-hydtoxycyclo- 
hexyl)  tettahydropyranylidene-2*,2*-dlnicthyl- 5’- (l-hydroxycyclohexyl)  tetrahydro-y  -pyrone  in  acetic  acid 
solution  over  platinum  oxide  goes  in  such  manner  diat  die  first  mole  of  hydrogen  selectively  reduces  die  hydroxyl 
group  In  the  tetrahydropyranylidene  ring,  forming  2,2- dimethyl- 5-cyclohexyltetrahydropyranylidene- 2', 2’- 
dlmediyl-5'-(l-hydroxycyclDhexyl)tetrahydro-y-pyrone.  The  second  mole  of  hydrogen  reduces  the  double  bond 
in  the  molecule,  forming  2,2-dimediyl-5-cyclohexyltetrahydropyranyl-2’,2*-dlmethyl-5*-(l-hydroxycyclohexyl)- 
tetxahydro-y  -pyrone. 

4.  2-Spirocyclohexane-5-(l-hydroxycyclohexyl)  tetrahydropyranylidene- 2*-splrocyclohexane-5*-(l- 
hydroxycyclohexyl)  tetrahydro-y -pyrone  Is  not  hydrogenated  over  platinum  oxide  in  neutral  solvents,  and  is 
insoluble  in  acetic  acid. 
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An  investigation  of  the  hydrogenation  of  polybutadiene  has  both  theoretical  and  practical  Importance. 

1)  The  hydrogenation  of  1,4- poly  butadiene  opens  a  route  to  obtaining  a  series  of  products  with  a  variable 
degree  of  unsaturation  and  containing  different  types  of  double  bonds.  A  comparison  of  the  chemical  and 
physical  properties  of  substances  linked  genetically  and  having  common  structural  elements  makes  It  possible  to 
arrive  at  more  complete  conclusions  regarding  the  relationship  between  the  propenies  of  molecules  and  their 
structure  than  if  the  discussion  is  limited  only  to  one  substance  [1]. 

2)  A  study  of  the  various  transformations  of  macromolecules  with  reactive  groups  as  a  means  of  obtaining 
polymers  which  cannot  be  synthesized  by  polymerization  and  polycondensation  techniques  [2,  3]  begins  to 
assume  constantly  increasing  importance  in  the  contemporary  chemistry  of  polymers.  An  examination  of  the 
peculiarities  of  tlie  hydrogenation  of  1,4-polybutadlene  when  compared  with  that  of  low-molecular  substances 
containing  the  same  type  of  double  bond,  might  be  beneficial  in  studying  other  heterogeneous  catalytic  reactions 
of  polymers. 

3)  The  hydrogenation  products  of  emulsion- polymerized  polybutadiene  find  practical  utility  [4-7]. 

The  hydrogenation  of  1,4- polybutadiene  represents  a  quite  complex  case  of  the  hydrogenation  of  blvinyl 
polymers,  since,  first,  disubstituted  symmetrical  etliylene  derivatives  add  hydrogen  with  greater  difficulty  than 
do  the  monosubstituted,  and  second,  the  appearance  of  segments  of  regular  structure  in  the  macromolecules  of 
tlie  hydrogenated  rubber  facilitates  crystallization  and  decreases  tlie  solubility  of  the  polymer. 

The  purpose  of  the  present  paper  was  to  study  the  hydrogenation  of  linear  1,4-polybutadlene  at  atmospheric 
pressure.  The  results  of  high-pressure  hydrogenation,  and  also  the  properties  of  the  obtained  products,  will  be 
described  later.  For  profound  hydrogenation  to  take  place,  it  is  first  of  all  necessary  that  both  the  starting  material 
and  tlie  reaction  products  remain  in  solution.  In  its  structure  the  product  of  the  complete  hydrogenation  of  linear 
1,4-polybutadiene  should  be  analogous  to  high  density  polyethylene  whose  degree  of  crystallinity  reaches  85*5^ 

[8].  Crystalline  polymers  are  rather  difficultly  soluble. 

From  tlieoretlcal  considerations  the  convergence  temperature  for  hydrocarbons  with  linear  chains  was  cal¬ 
culated  to  be  137*  [9],  whicli  is  in  agreement  with  tlie  existing  experimental  data  [8].  In  the  fractionation  of 
high  density  polyetliylene  [lOj  it  is  known  that  a  higher  molecular  weight  fraction  begins  to  precipitate  if  the 
polyethylene  solutions  are  cooled  to  133-130*.  From  tliese  considerations,  it  follows  that  temperatures  below 
140*  can  hardly  be  used  to  obtain  a  high  degree  of  hydrogenation.  Consequently,  if,  as  a  rule,  temperatures  not 
exceeding  100*  (when  operating  with  catalysts  prepared  from  the  noble  metals)  are  used  for  the  addition  of 
hydrogen  to  low-molecular  disubstituted  symmetrical  ethylene  derivatives,  then  for  polybutadiene  of  the  In¬ 
dicated  structure  this  temperature  range  is  not  suitable.  It  is  obvious  from  this  that  tlie  solvent  should  have  a 
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quite  high  boiling  point.  Experimental  study  of  the  hydrogenation  confirmed  the  need  of  using  high  temperatures 
(not  below  140")  and  a  solvent  with  a  high  boiling  point  (decalin)  to  obtain  a  high  degree  of  hydrogenation. 

It  was  also  shown  tliat  it  is  expedient  to  use  a  catalyst  deposited  on  a  carrier. 


EXPERIMENTAL 

We  took  soluble  linear  1,4- polybutadiene  for  tlie  experiments.  The  rubber  was  freed  of  impurities  by  a 
double  reprccipitation  from  1%  benzene  (tliiophene-frec)  solution  with  alcohol.  The  same  as  in  previous  studies 
[11,  12],  it  was  shown  that  rather  than  use  nitrogen  to  protect  tiie  polymer  from  atmospheric  oxygen,  it  is  more 
practical  to  use  an  aniioxidantj  in  the  second  reprecipitation  we  added  1  wi.  'Vo  of  Neozone  D  to  the  polymer. 
After  precipitation,  the  rubber  was  dried  to  constant  weight  at  20-25*  and  a  residual  pressure  of  I- 2  mm.  The 
purification  of  the  rubber  was  done  in  an  atmosptiere  of  oxygen- free  nitrogen  [13j.  The  unsaturation  of  the  in¬ 
vestigated  polymer,  determined  using  iodine  bromide  solution  [14],  was  94.2'yo. 

We  selected  decalin  as  tltc  solvent.  It  dissolves  both  tlte  starting  polymer  and  tlie  reaction  products,  has  a 
high  boiling  point,  does  not  hydrogenate,  does  not  poison  catalysts,  and  is  stable  nearly  up  to  the  boiling  point. 

In  addition,  according  to  Staudinger  [15],  polyethylene  can  be  dissolved  in  decalin  without  association.  This 
made  it  possible  to  assume  tliai  liydrorubbers  would  also  fail  to  give  undesirable  associates  hi  tliis  solvent.  It  is 
obvious  that  more  complete  contact  will  be  achieved  between  tlie  separate  macromolecules  and  tlie  catalyst  dian 
when  the  macromolecules  are  found  in  an  associated  state.  After  purification  [IG],  the  decalin  was  hydrogenated 
using  platinum  black  [17]  until  all  of  tlie  unsaturated  impurities  were  removed  completely. 

The  following  catalysts  were  used  to  hydrogenate  the  rubber,  dissolved  in  decalin;  palladium  black  [18], 
palladium  deposited  on  calcium  carbonate  [19],  skeletal  nickel  [20],  and  platinum  black  [17].  Platinum  black 
was  in  no  way  superior  to  palladium  black.  The  hydrogen  for  the  hydrogenations  was  obtained  by  the  electrolysis 
of  307o  sodium  hydroxide  solution.  The  hydrogenations  were  run  using  tlie  S.  V.  Lebedev  apparatus  [21],  in  a  glass 
vessel  fiticd  with  an  asbestos-insulated  "jacket."  Using  an  1-8  thermostat,  glycerol  was  passed  through  the 
jacket  at  the  desired  temperature  and  a  rate  of  7  llters/mln.  The  amount  of  hydrogen  absorbed  was  read  every 
2  min.  The  reading  accuracy  was  ±  0.25  ml.  Even  in  tliose  cases  where  the  hydrorubber  remains  in  solution, 
it  was  found  tliat  the  hydrogenation  rate  curve  decreases  witli  time  from  the  very  start  of  reaction  (Fig.  l),  thus 
differing  from  the  curves  for  the  hydrogenation  of  low-molecular  disubstituted  symmetrical  ethylene  derivatives, 
wliich  add  at  least  bOT*  of  the  theoretical  hydrogen  at  a  constant  rate.  A  decrease  in  the  hydrogenation  rate  can 
be  explained  only  by  tlie  difficulty  of  adding  hydrogen  to  the  double  bonds  in  the  partially  hydrogenated  rubber. 

As  a  result,  a  descending  character  of  the  curve  is  linked  with  tlie  high-molecular  nature  of  the  material  being 
hydrogenated. 
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Fig.  1.  Hydrogenation  rate  curves, 
l)  On  palladium,  deposited  on  calcium 
carbonate  (Expt.  12);  2)  on  palladium 
black  (Expt.  7). 
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Fig.  2.  Curves  for  the  bromination  of  hydro- 
polybutadlenes.  l)  Obtained  in  Expt.  12; 

2)  obtained  in  Expt.  7. 


Hydrogenation  on  palladium  black  (Table,  Expts,  5-9)  revealed  that  wlien  the  amount  of  rubber  in  solution 
is  incrcased,the  degree  of  hydrogenation  remains  constant  only  if  the  weight  ratio  of  catalyst  to  rubber  is  kept 
constant.  From  tliis,  it  is  clear  why  a  catalyst  with  a  developed  surface,  such  as  palladium  deposited  on  calcium 


carbonate,  gives  better  results  (Expt,  12)  than  does  palladium  black.  However,  a  further  Increase  in  the  amount 
of  catalyst  no  longer  leads  to  an  increase  in  the  degree  of  hydrogenation  (Expt.  13).  The  use  of  catalysts  with  a 
developed  surface  Is  also  desirable  for  the  reason  tliat  it  permits  a  more  rapid  transition  from  tlie  starting  polymer 
to  tlie  products  of  tiie  desired  degree  of  reduction,  and  thus  avoids  possible  changes  in  tlie  rubber  during  heating. 
Polybiitadlcne  cannot  be  hydrogenated  on  skeletal  nickel  without  first  removing  tlie  alcoliol  with  which  the  catalyst 
is  saturated.  It  is  quite  probable  that  the  alcohol  coating  makes  it  difficult  for  the  polymer  molecules  to  come  In 
contact  wltli  the  catalyst  surface.  Polybutadiene  hydrogenates  on  skeletal  nickel  only  after  the  catalyst  has  been 
thoroughly  washed  five  times  witli  pentane,  free  of  unsaturated  compounds.  It  was  found  that  polar  impurities 
exert  a  negative  influence  on  the  hydrogenation  efficiency  of  the  catalysts.  Thus,  the  addition  of  0.5  ml  of 
acetone  to  100  ml  of  a  0.5'/o  solution  of  the  rubber  in  decalin  reduces  the  hydrogenation  activity  of  platinum 
black  with  respect  to  the  polymer  to  zero,  whereas  the  acetone  Itself  is  hydrogenated. 

On  conclusion  of  hydrogenation,  the  catalyst  was  removed  by  centrifuging  the  hot  solution  for  2-3  minutes 
at  1500  rpm.  Since  during  centrifuging  a  part  of  the  hydrorubber  deposited  together  with  the  catalyst  because  of 
a  reduction  In  the  solution  temperature,  the  catalyst  deposit  was  treated  with  hot  decalin  and  the  centrifuging 
repeated.  Then  to  Isolate  the  reaction  product  the  hydrorubber  solution  was  poured  into  acetone  containing 
Neozone  D.  Here  the  hydroriibber  deposited  as  light  floes.  The  precipitate  was  condensed  by  centrifuging  at 
3000  rpm,  washed  well  with  acetone,  and  dried  to  constant  weight  at  1-2  mm  and  35-40*. 


Effect  of  Conditions  on  the  Degree  of  1,4- Polybutadiene  Hydrogenation 


Expt. 

No. 

Catalyst 

Solution 

cone. 

(in  %) 

Rubber : 

: catalyst 
ratio 

■ 

Amt.  of 
hydrogen 
added  (in 
%) 

Unsaturation 

(In  °!o) 

1 

0.1 

1  :  1 

100° 

12.5 

85.7 

2 

0.1 

1  :  1 

120 

19.8 

78.6 

3 

0.1 

1  :  t 

140 

43.8 

54.8 

4 

0.1 

1  :  1 

160 

38.2 

59.1 

5 

0.3 

3  :  1 

140 

34.5 

65.0 

6 

Palladium 

0.3 

1  :  1 

140 

68.9 

29.4 

7 

black 

0.5 

1  :  1 

140 

68.6 

30.4 

8 

•  0.7 

1  :  1 

140 

69.9 

29.1 

9 

1.0 

1  :  1 

140 

67.3 

28.4 

10 

1.5 

1  :  1 

140 

61.5 

35.2 

11 

0.3 

1  :  1 

180 

33.6 

56.8 

12 

Palladium  on  f 

0.5 

1  :  2 

140 

75.4 

22.5 

13 

CaCOs  \ 

0.5 

1  :  10 

140 

76.7 

22.8 

14 

Skeletal  nickel 

0.5 

1  :  2 

140 

42.0 

56.3 

The  unsaturation  of  both  the  starting  and  hydrogenated  polymers  was  determined.  However,  only  the 
starting  rubber  and  the  products  with  a  high  unsaturation,  obtained  In  Expts.  1  and  2,  proved  to  be  soluble  at  room 
temfjerature.  In  their  case,  the  unsaturation  was  determined  using  iodine  bromide  solution  [14].  For  the  samples 
Insoluble  at  room  temperature,  we  determined  die  unsaturation  using  the  bromine  addition  technique  [22].  For 
this  the  hydrorubber  (10-20  mg)  was  kept  in  bromine  vapors  for  successively  increasing  lengths  of  time.  After 
each  bromination  die  excess  bromine  was  removed  by  suction  from  the  hydrorubber  sample  to  constant  weight  In 
order  to  determine  die  amount  of  added  bromine. 

Bromination  curves  expressing  the  relation  between  the  amount  of  bromine  adding  to  a  gram-unit  of  the 
polymer,  and  die  bromination  time,  are  shown  In  Fig.  2.  The  bromination  was  continued  until  die  curves  for  the 
addition  of  bromine  became  linear.  The  curves  always  show  some  rise  relative  to  the  time  axis  due  to  sub¬ 
stitution  reactions.  Extrapolation  of  the  linear  portion  of  die  curve  to  zero  time  gives  die  amount  of  bromine 
added.  It  is  very  Important  diat  the  bromination  be  nin  in  die  complete  absence  of  light,  since,  even  a  short 
exposure  to  light  enliances  substitution  reactions.  The  use  of  diis  method  to  determine  die  unsaiuratlon  of 
Irradiated  polyethylene  gave  results  that  show  good  agreement  with  infrared  analysis  data  [23],  Application 
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of  the  bronilnatlon  nieiliod  to  the  starting  polymer  and  die  highly  unsaturated  hydrogenation  products  (Expts.  1 
and  2)  gave  clearly  high  results,  wlilch,  In  contrast  to  the  subsequent  experiments  (Expts.  3-14),  fall  to  agree 
with  the  amount  of  hydrogen  added. 

The  authors  wish  to  thank  V.  A.  Krol  for  graciously  supplying  the  1,4-polybutadlene  samples. 

SUMMARY 

1.  A  study  of  the  hydrogenation  of  linear  1,4-polybutadiene  in  decalln  at  atmospheric  pressure  revealed 
that  products  with  the  least  unsaturatlon  are  obtained  if  die  hydrogenation  is  run  on  palladium  deposited  on 
calcium  carbonate  at  a  temperature  not  below  140*. 

2.  It  was  shown  dial  it  is  possible  to  determine  the  unsaturatlon  of  hydropolybutadienes  insoluble  at 
room  temperature  by  using  bromine  vapors. 
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MECHANISM  OF  DEHYDRATION  OF  y-GLYCOLS 

VII.  REACTIVITY  OF  ACETYLENIC  HYDROGEN  OF  HYDROXY-SUBSTITUTED 
OXYGEN- CONTAINING  ACETi'LENE  DERIVATIVES 

T.  A.  Favorskaya  and  O.  V.  Sergievskaya 
Leningrad  State  University 

Translated  from:  Zhurnal  Obshchei  Khlmii,  Vol.  30,  No.  1,  pp.  132-134,  January,  1960 
Original  article  submitted  September  15,  1958 


The  earlier  described  [1]  compounds  (I  -  IV)  show  a  quite  different  lability  of  the  acetylenic  hydrogen  in 
tlie  formation  of  acetylide  with  ammoniacal  silver  nitrate  solution. 


HOCH2CII2CII2V  /CH2 

II 0/  \C=CH 

(1) 

C6ll.%CIl20^  ^C=GII 

(IV) 

Thus,  it  was  observed  tliat  3-methyl-l-hexyne-3,6-dlol  (I)  forms  the  acetylide  only  when  boiled  with  the 
indicated  reagent,  whereas  Its  dehydration  product,  2,2-dlmetliyletltynyltetrahydrofuran  (II),  rapidly  gives  tlie 
acetylide  at  room  temperature,  altliough  its  solubility  in  the  reagent  is  lower  than  that  of  diol  (1).  The  ethyl 
ether  of  dimethylethynylcarbinol  (III)  rapidly  gives  the  acetylide  at  room  temperature,  but  the  benzyl  etlier  (IV) 
of  tlie  same  alcohol  fails  to  form  the  acetylide  even  on  long  boiling  (tlie  latter  also  fails  to  form  a  characteristic 
precipitate  witli  mercuric  chloride). 

This  caused  us  to  seek  an  explanation  for  the  indicated  phenomenon,  which  led  to  making  the  present  study. 
It  seemed  to  us  that  the  reduced  activity  of  compounds  (I)  and  (IV)  might  be  due  to  the  possible  formation  of 
intermolecular  hydrogen  bonds  involving  the  acetylenic  hydrogen  (intramolecular  reaction  is  impossible  in  the 
given  case  because  of  steric  factors). 

That  it  is  possible  to  form  a  hydrogen  bond  between  the  hydrogen  of  the  =  C  — H  group  and  the  electro¬ 
negative  atom  of  the  solvent,  having  an  unshared  electron  pair,  was  indicated  in  [2J  when  studying  the  solubility 
and  heats  of  mixing  of  acetylene  and  phenylacetylene  with  various  organic  solvents. 


HgG - GH2 

I  I  /GII3 

II2G  G< 

Xq/  x:=GH 

(II) 


HjGaO^  ^G=GH 


(III) 


=  C— H 


X, where  X  —  :  0  <^  , 
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Actually,  It  was  established  by  infrared  spectros<^Apy  [H]  that  the  more  basic  the  character  of  Y,  the  more 
stable  Is  the  hydrogen  bond,  l.c.,  the  greater  the  shift  ipf  tlie  absorption  band  of  lltc  =j  C“H  group. 

Taking  into  account  tlie  peculiarities  of  the  chemical  structure  of  acetylene  and  its  derivatives,  It  was 
experimentally  shown  [4]  that  Uiese  compounds  can  form,  both  with  each  other  and  with  solvent  molecules. 


complexes  of  Uie  type  =eC — II . X  where  X=’.0  •<,  0  =  C  <C,  — C=G —  by  hydrogen 


bonding. 


The  high  protonlzatlon  of  the  hydrogen  atom  attached  to  the  acetylenic  bond  is  responsible  for  tlie  great 
ease  with  which  it  Is  replaced  by  metal.  In  the  event  of  intermolecular  reaction  between  the  hydrogen  of  the 
=  group  and  the  unshared  electron  pair  of  die  oxygen  atom  ;0<  ,  or  the  jt -electrons  of  the  triple 

bond  of  adjacent  molecules,  it  is  possible  for  tlie  positive  charge  on  the  hydrogen  atom  to  be  partially  neutralized, 
l.e.,  for  its  acidity  to  be  reduced.  A  reduction  in  tlie  positive  charge  on  the  hydrogen  atom  should  possibly  be 
reflected  in  the  ease  and  rate  with  which  the  acetylide  is  formed. 


We  made  an  attempt  to  compare  the  data  on  tlie  different  reactivity  of  the  acetylenic  hydrogen  with  the 
magnitude  of  the  shift  In  tlie  absorption  band  of  tlie  =  C“H  group  in  the  infrared  region.  * 

One  (3290  cm’^)  or  two  broad,  strongly  overlapping,  absorption  bands  (3260  and  3310  cm"^)  correspond 
to  the  absorption  of  the  indicated  group  in  the  monoacetylenes  examined  by  us  in  the  liquid  state. 


1 

V  (in  cm“^)  1 

Compound  j 

i 

pure  substance 

l<7a  CCI4 

solution 

(I) 

3290  ( b) 

3315  (n) 

25 

(11)  { 

3260  ( b) 

3295  ( b) 

3315  (  n) 

55 

20 

(HI)  { 

32tX)  (  b) 
3310(b) 

3315  (  n) 

55  * 

5 

(IV) 

3295  ( b) 

3310  (  n) 

15 

•  The  Raman  spectrum  of  this  compound  gives  a  shift  to  26  cm"^ 

[5], 

Judging  by  the  magnitude  of  the  shift  of  the  valence  vibration  band  of  the  =  C—  group,  an  extremely  slight 
participation  of  tlie  =  C  — H  group  in  intermolecular  reaction  is  observed  for  (I)  and  (IV),  while  (11)  and  (111) 
show  a  quite  strong  intermolecular  reaction  between  tlie  hydrogen  of  this  group  and  the  unshared  electron  pair  of 
the  oxygen  atom  of  the  adjacent  molecule,  altliough  both  (II)  and  (III)  have  a  quite  labile  acetylenic  hydrogen, 
which  is  easily  replaced  by  metal. 

It  is  possible  that  proton  magnetic  resonance  spectra,  which  arc  extremely  sensitive  to  hydrogen  bond 
formation  [6],  may  give  more  definite  results. 


SUMMARY 

1,  It  was  established  that  the  magnitude  of  the  intermolecular  reaction  between  the  hydrogen  of  the  a  CH 
group  and  the  unshared  electron  pair  of  the  oxygen  atom  of  tlie  adjacent  molecule  is  clearly  not  related  to  the 
rate  with  which  die  acetylide  is  formed  in  die  reaction  widi  ammonlacal  silver  oxide  solution. 


•  The  spectra  were  taken  by  E.  V,  Shuvalova  in  the  laboratory  of  V,  M,  Chulanovskll, 
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2.  It  was  shown  tliat  the  method  of  infrared  spectroscopy  is  Inadequate  In  studying  the  lability  of  acetylenic 
hydrogen. 
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We  had  shown  [1]  that  the  dimerization  of  isoprene  at  temperatures  from  100-290*  is  accompanied  by  the 
formation  of  all  of  the  theoretically  possible  sl.\-membered  and  eight- membered  dimers,  in  which  connection 
their  proportions  are  strongly  dependent  on  the  temperature.  The  reaction  temperature  (140  -  200*)  is  essentially 
without  effect  on  the  dimerization  of  piperylene  [2]. 

It  seemed  of  interest  to  make  a  detailed  study  of  the  dimerization  of  still  another  diene,  namely  chloro- 
prene,  which  had  been  partially  studied  earlier. 

The  ability  of  chloroprene  to  dimerize  was  first  noted  by  Carothers  and  co-workers  [3],  after  which  it  was 
studied  further  by  a  number  of  autliors.  In  studying  the  residues  remaining  in  tlte  distillation  pot  after  distilling 
off  the  chloroprene  [4j,  two  fractions  were  isolated,  and  it  was  shown  by  hydrogenation  and  ozonization  that  the 
first  fraction  contains  the  six- membered,  while  the  second  fraction  contains  the  eight- membered  cyclic  dimers. 
It  was  established  by  A.  L.  Klebanskii  and  M.  M.  Denisova  [5]  that  the  mixture  formed  in  the  dimerization  of 
chloroprene  at  65“  contains  tlie  six- membered  dimers  (1)  and  (111),  with  substituents  in  tlie  para  position.  The 
dimerization  of  chloroprene  at  80*  [Gj  gave  an  eight- membered  dimer  in  20%  yield,  but  its  structure  was  not 
established.  Finally,  when  this  reaction  v;as  run  in  xylene  solution  at  60-85*  [7],  it  was  shown  by  ozonization 
that  tlie  fraction  containing  tlie  eight- membered  dimers  is  chiefly  dimer  (V). 

As  a  result,  of  the  four  six- membered  (I  -  IV)  and  two  eight- membered  (V,  VI)  dimers  theoretically 
possible  in  a  mixture  of  chloroprene  dimers  only  the  presence  of  tv/o  six- membered  Isomers  (I)  and  (III),  with 
substituents  in  the  para  position,  and  one  eight- membered  dimer  (V)  has  been  shown  up  to  now. 

None  of  the  mentioned  authors  studied  tlie  products  obtained  in  the  dimerization  of  chloroprene  at  15-20*. 
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We  were  able  to  show  that  chloroprene  undergoes  45%  conversion  to  a  mixture  of  dimers  when  it  Is  stored 
in  the  presence  of  pyrogallol  for  more  tlian  two  years.  Investigation  of  a  mixture  of  chloroprene  dimers  is  a 
difficult  task  because  of  tlie  instability  of  tlie  products  formed  and  the  difficulty  of  converting  them  to  known 
compounds  for  proof  of  structure. 

The  same  as  In  the  case  of  the  isoprene  dimers,  vacuum-distillation  of  tlie  mixture  of  chloroprene  dimers, 
formed  at  15-20*,  tlirough  a  column  filled  with  glass  packing  yields  three  main  fractions  in  tlie  approximate 
proportions;  first  307«>.  second  40%,  and  third  6-8%.  Fractional  distillation  of  the  chloroprene  dimerization 
products  is  always  accompanied  by  the  formation  of  a  small  head  fraction,  which  apparently  consists  of  traces 
of  chloroprene,  a  mixture  of  dimers  (I)  and  (II),  and  their  HCl- cleavage  products. 

Investigation  of  the  low-boiling  fraction  (b.  p.  63-64.5*  at  2  mm,  n*^D  1.5115),  apparently  composed 
mainly  of  a  mixture  of  dimers  (I)  and  (II),  is  made  difficult  because  of  tlie  instability  of  these  compounds.  As 
is  known  [5J,  dimer  (I)  can  easily  cleave  hydrogen  chloride  wlilt  the  formation  of  trienes  (VIl)  or  (VIII). 
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Also  not  excluded  is  migration  of  tlie  chloride  to  allyllc  position  and  the  formation  of  products  of  type  (IX ) 
and  (X). 

Having  effected  tlie  dehydrochlorination  of  tills  fraction  by  passage  over  barium  chloride  deposited  on 
carbon,  or  its  dehydrogenation  over  palladium-on-carbon,  we  obtained  a  liquid  product,  which  when  oxidized 
wltli  chromium  trioxide  in  acetic  acid  gave  p-chlorobenzoic  acid  in  a  total  yield  of  27%,*  which  indicates  that 
tliis  fraction  contains  dimer  (I).  We  were  unable  to  Isolate  any  m-chlorobenzoic  acid  corresponding  to  dimer 
(II)  from  the  oxidation  mixture. 

The  use  of  other  methods  to  prove  tlie  structure  of  the  low- boiling  fraction,  for  example,  dehydrogenation 
by  reaction  v/lth  broniosuccinimide  and  tlien  dehydrohalogcnation  and  oxidation,  and  also  hydrolysis  using  sulfuric 
acid,  led  only  to  the  formation  of  polymeric  products. 

The  middle  fraction  (b.  p.  73.5-74.5*  at  2  mm,  n®D  1.5180),  containing  dimers  (III)  and  (IV),  when 
hydrolyzed  with  concentrated  sulfuric  acid  gave  a  liquid  mixture  of  3-  and  4-acetylcyclohexanone. 
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Crystalline  3-acctylcyclohexanone  was  isolated  in  40%  yield  from  this  mixture  by  freezing,  while  the  4- 
acetylcyclohexanone  was  Isolated  from  the  mother  liquor  as  the  dioxime  in  30%  yield.  As  a  result,  the  structure 
of  dimers  (III)  and  (IV)  and  tlielr  presence  in  tlie  dimerization  products  was  esublished  conclusively. 


•  As  is  known  [7],  separation  of  this  mixture  of  dimers  as  die  pyridine  salt  and  its  subsequent  oxidation  with 
potassium  permanganate  gave  p-chlorobenzoic  acid  in  a  yield  of  only  2.3%. 
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It  Is  interestlnj^  that,  ilie  same  as  Jii  the  dlnierlv,atlon  of  Isoprenc  at  low  temperature,  the  formation  of  tlte 
meta- Isomer  (IV)  Is  also  observed  In  this  case,  the  presence  of  which  In  tlie  dlmerl/.atlon  products  could  not  be 
established  earlier  [h,  7J.  The  m-dlmcr  (IV)  is  apparcntlv  formed  In  a  somewhat  larger  amoimt  titan  the  para- 
Isomer  (111),  and  consequently,  the  earlier  mentioned  fact  [1]  that  the  ineta- Isomer  CXl)  Is  formed  predominantly 
In  the  low-tempctaiurc  dimerization  of  isoprene  does  not  stand  alone. 
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V/e  were  unable  to  dimerize  chloroprene  at  elevated  temperature  (200-300*).  Heating  chloroprene  In 
toluene  solution  in  an  autoclave  at  150*,  In  tlic  presence  of  pyrogallol  and  a  nitrogen  atmosphere,  resulted  In 
the  cleavage  of  hydrogen  chloride  and  the  formation  of  tarry  products,  accompanied  by  much  heat  evolution 
and  Increase  In  pressure.  It  is  possible  to  assume  that  hydrogen  chloride  Is  formed  here  either  as  die  result  of 
cleavage  from  the  formed  mixture  of  dimers  (1)  and  (II),  or  due  to  decomposition  of  the  chloroprene  Itself. 

The  low'- temperature  dimerization  of  chloroprene  Is  also  accompanied  by  tlie  formation  of  the  elght- 
membered  dimer  (V),  which  proved  to  be  the  main  product  in  the  third  fraction  (b,  p.  77.5-85.5*  at  0.5  mm, 
n®D  1.5350).  Hydrolysis  of  this  fraction  widi  concentrated  sulfuric  acid  [7]  gave  the  blcyclic  ketone  (Xll), 
characterized  as  the  semlcarbazone. 
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In  diis  case,  our  results  coincided  widi  the  conclusions  of  previous  authors  who  studied  the  dimerization 
of  chloroprene  at  elevated  temperatures  (65-85*). 

EXPERIMENTAL 

Dimerization  of  chloroprene  at  15-20*.  The  chloroprene  (3140  g)  was  kept  In  a  flask  with  sealed  stopper. 

In  die  presence  of  5°io  pyrogallol,  in  die  dark,  at  15-20*,  for  2  years.  The  thus  obtained  mixture  of  products  was 
distilled  In  100  g  portions.  The  unreacted  chloroprene  was  vacuum- distilled  on  die  water  bath  at  20-25  mm  and 
30-40*,  and  was  collected  in  a  trap.  Immersed  in  a  cooling  mixture  (  —  60  to  —70*).  Then  the  mixture  of 
chloroprene  dimers  with  b.  p.  70-90*  (5  mm)  (bath  temperature  not  above  150*)  was  distilled  from  the  residue. 
The  total  amount  of  unreacted  chloroprene  was  1285  g  while  the  mixture  of  chloroprene  dimers  weighed 

1430  g  (45‘^/o),  and  the  residue  weighed  420  g. 

Tlie  mixture  of  dimers  was  vacuum-distilled  In  100  ml*  portions  through  a  column  filled  with  glass  packing 
and  having  an  efficlenc)  of  23  theoretical  plates.  The  fractional  distillation  of  116  g  (100  ml)  of  this  mixture 
gave  roughly  die  following  fractions;  1st,  44-63*  (2  mm),  n^D  1,5107,  8g  (7 ‘7o)j  2nd,  63-64.5*  (2  mnO, 
n“D  1.5115,  32  g  (28^7o)j  3rd,  65-73.5*  (2  mm),  n^D  1.5135,  11.2  g  (10‘7>)»  4th,  73.5-74.5*  (2  mm), 
n®D  1.5180,  38  g  (327o);  5th,  75-90*  (2  mm),  n®D  1.5279,  7.7  g  residue,  19  g  (17*70).  The  same 


*  Decomposition  of  the  product,  apparently  of  dimers  (I)  and  (II),  was  observed  when  larger  amounts  (300  g)  were 
distilled,  with  the  copious  evolution  of  hydrogen  chloride,  and  we  were  able  to  Isolate  only  fractions  containing 
dimers  (III,  IV,  and  V)  when  the  resulting  complex  mixture  was  distilled. 


fractions  from  the  separate  portions  were  combined.  A  mixture  of  111.5  g  of  combined  5th  fractions  X  and  the 
residues  from  five  expcrlmcntst  X  was  also  distilled  through  tlie  same  column.  Here,  we  obtained  36.5  g  of 
product  corresponding  to  tlie  4ih  fraction,  with  b.  p.  55.5*  (0.5  mm)  and  n^°D  1.5180,  and  31.6  g  of  a  product 
with  b.  p.  77.5-85.5*  (0.5  mm),  and  n®D  1.5350,  composed  mainly  of  eight- me mbered  dimers. 

Investigation  of  die  low- boiling  fraction.  The  fraction  with  b.  p.  63-64.5*  (2  mm)  and  n®D  1.5115 
Is  apparently  a  mixture  of  die  cliloroprene  dimers,  4-vlnyl-l,4-dichlorocyclohexene  (1)  and  3- vinyl- 1,3- vinyl- 
1, 3-dIchlorocycloliexene  (ll),  and  dieir  transformation  products. 

Found ‘7o:  C  54.95j  H  5.94;  Cl  38.80.  CgHioClj.  Calculated  <70:  C  54.26;  H  5.69;  Cl  40.05. 

Tlie  dehydrogenation  and  dehydrochlorinatlon  of  this  fraction  was  accomplished  In  the  vapor  phase  by 
passing  the  substance  at  a  rate  of  2-3  drops  per  minute  through  a  vertical  glass  tube  8  mm  in  diameter,  filled 
with  the  catalyst  and  heated  in  an  electric  furnace.  Six  grams  of  die  substance  was  passed  over  10  ml  of  15*^0 
palladiuin-on-carbon  in  a  nitrogen  stream  at  325*.  The  copious  evolution  of  hydrogen  chloride  was  observed 
here.  As  reaction  result,  we  obtained  4.33  g  of  condensate  (n^D  1.5149),  which  was  dien  oxidized  wldi  a 
solution  of  27  g  of  chromium  trioxlde  in  170  ml  of  50%  acetic  acid  and  22  ml  of  concentrated  sulfuric  acid 
under  reflux  for  1  hour.  The  resulting  p-chlorobenzolc  acid  was  filtered,  washed  with  water,  and  dried;  we 
obtained  1.1  g  of  acid  with  m.  p.  242-243*  (yield  20%  on  the  two  steps).  The  mixed  melting  point  widi  an 
authentic  specimen  was  not  depressed. 

Six  grams  of  die  same  fraction  was  dehydrochlorinated  over  8  ml  of  10%  barium  chloride- on- carbon  at 
270-290*  in  a  nitrogen  stream.  The  obtained  condensate  (4.25  g,  n^*D  1.5235)  was  oxidized  in  the  same 
manner  as  before  with  cliromium  trloxide  in  acetic  acid.  Here,  we  obtained  1.44  g  of  die  same  p-chlorobenzolc 
acid  with  m.  p.  242-243"  (yield  27%  on  die  nvo  steps). 

Investigation  of  die  middle  fraction.  The  middle  fraction  (b.  p.  73.5-74.5*  at  2  mm,  n^D  1.5180) 

Is  apparently  a  mixture  of  the  dimers,  4-(l-chlorovinyl)-l-chlorocyciohexene  (III)  and  3-(l-chlorovinyl)-l- 
chlorocycloliexene  (IV). 

To  70  ml  of  concenuated  sulfuric  acid,  with  cooling  in  an  ice-salt  mixture  and  vigorous  stirring,  was 
added  25  g  of  this  fraction  In  1  minute.  The  stirring  was  continued  for  1  hour  and  was  accompanied  by  the 
copious  evolution  of  hydrogen  chloride,  after  which  the  reaction  mass  was  poured  over  ice  and  neutralized  with 
sodium  carbonate.  After  repeated  extraction  with  eUier  (8  times  with  30  ml  portions  of  ether)  and  drydng  over 
magnesium  sulfate,  the  ether  was  distilled  off  and  tlie  residue  was  vacuum- distilled.  We  obtained  15  g  (73%) 
of  a  mixture  of  3-  and  4-acetylcyclohe.\anones  witli  b.  p.  109-110"  (4  mm).  Freezing  the  mixture,  with  the 
addition  of  a  seed,  gave  5.85  g  of  crystalline  3-acetylcyclohexanone  (39%)  with  m.  p.  40-41",  which  was  not 
depressed  when  tlie  substance  was  ml.xed  with  an  autlientic  specimen  [8],  and  10  g  of  a  liquid  mixture  of  ketones. 
From  1  g  of  this  mixture,  dissolved  in  2  ml  of  alcohol,  and  1.4  g  of  hydroxylamlne  hydrochloride,  2  g  of  potassium 
acetate  and  6  nil  of  water  we  obtained  0.52  g  of  4-acetylcycloliexanone  dioxime,  m.  p,  146-147",  which  was 
not  depressed  when  the  substance  v.^as  mixed  widi  the  specimen  obuined  earlier  [9j  (tlie  yield  of  the  dioxime 
was  28%,  based  on  tlie  entire  starting  mixture). 

Investigation  of  the  high-boiling  fraction.  The  fraction  with  b.  p.  77.5-85.5"  (0.5  mm)  and  n®D  1.5180 
Is  mainly  tlie  eight- rnembered  dimer,  l,6-dichloro-l,5-cycIooctadiene  (V).  To  16  ml  of  concentrated  sulfuric 
acid,  with  vigorous  stirring  and  cooling  in  ice  water,  was  added  5  g  of  tliis  fraction  in  12  min,  after  which  tlie 
reaction  product  was  stirred  for  anotlier  20  min  at  room  temperature.  The  reaction  mass  w^as  poured  over  Ice, 
neutralized  with  sodium  carbonate,  extracted  with  ether,  and  the  extract  dried  over  magnesium  sulfate.  The 
etlier  was  distilled  off  and  tlie  residue  was  vacuum-distilled.  We  obtained  2.37  g  (69.6%)  of  the  bicyclic 
ketone,  blcyclo[3.3.0]-i  (5)-octen-2-one  (Xll),  witli  b,  p.  74-75.5*  (l  mm)  and  n^D  1.5202.  The  semicar- 
bazone  of  die  compound  had  m.  p.  231-232*. 

Literature  data  [7];  b.  p.  65-66*  (0.5  mm),  n®D  1.5202.  Semicarbazone,  m.  p.  230-232.2*. 

SUMMARY 

The  dimerization  of  cliloroprene  was  studied  at  15-20"  and  It  was  shown  for  die  first  time  that  the  mixture 
of  products  obtained  here  contains,  besides  the  para  Isomers,  4-vlnyl-l,4-dichlorocyclohexene  and  4-(l-chloro- 
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vinyl)- 1-chlorocycloliexene,  and  tlie  eight- menibered  dimer,  l,6-dichloro-l,5-cycloociadlcne,  also  a  substantial 
amount  of  the  meu  dimer,  3-(l-chlorovlnyl)-l-chlorocycloliexene, 

The  meta  dimer  is  apparently  formed  in  a  somewhat  larger  amount  than  the  para  dimer,  4-(l-chlorovlnyl)- 
l-chlorocycldiexene,  which  is  analogous  to  tlie  ratio  of  similar  dimers  obtained  in  the  low- temperature  dimeriza¬ 
tion  of  isoprene. 

LITERATURE  CITED 

[1]  I.  N.  Nazarov,  A.  I.  Kuznetsova,  and  N.  V.  Kuznetsov,  Zhur.  Obshchel  Khlm.  25,  307  (1955).  * 

[2l  I.  N.  Nazarov,  N.  V.  Kuznetsov,  and  A.  1.  Kuznetsova,  Zhur.  Obshchel  Khlm.  25  ,  320  (1955).* 

[3]  W.  H.  Carothers,  I.  Williams,  A.  M.  Collins,  and  J.  E.  Kirby,  J.  Am.  Chem.  Soc.  53,  4211  (1931). 

[4]  J.  G.  Brown,  J.  D.  Rose,  and  J.  L.  Slmonsen,  J.  Chem.  Soc.  (1944),  101. 

[5]  A.  L.  Klebanskil  and  M.  M.  Denisova,  Zhur,  Obshchel  Khlm.  17,  703  (1947), 

[6]  R.  E,  Foster  and  R,  S.  Schrelber,  J.  Am.  Chem.  Soc.  70,  2303  (1948). 

[7]  A.  C.  Cope  and  W.  J.  Bailey,  J.  Am.  Chem.  Soc.  70,  2305  (1948)i  A.  C.  Cope  and  W.  R,  Schmitz, 

J,  Am.  Chem.  Soc.  72,  3056  (1950). 

[8]  A.  McCoubrey,  J.  Chem.  Soc.  (1951),  2931. 

[9]  I.  N.  Nazarov,  G.  P,  Verkholetova,  and  L.  D.  Bergel'son,  Izvest.  Akad.  Nauk  SSSR,  Otdel.  Khlm. 
Nauk  (1940),  1948. 


*  Original  Russian  pagination.  See  C.  B.  translation. 


147 


THE  DIMERIZATION  OF  2- P  H  E  N  Y  LB  U  T  A  DIE  NE 

I.  N.  Nazarov  and  A.  I.  Kuznetsova 

Institute  of  Organic  Qiemlstry,  Academy  of  Sciences,  USSR 

Translated  from;  Zhurnal  Obshchel  Kliimii,  Vol.  30,  No.  1,  pp.  139-144,  January,  1960 
Original  article  submitted  January  15,  1959 


It  is  known  from  [1]  that  dimerization  of  2-phenylbutadlene,  both  at  160  and  at  20*,  leads  mainly  to 
formation  of  a  six-mernbered  cyclic  dimer  (I)  with  substituents  in  the  para-position  (about  80"Jo)t  among  the 
products  of  reaction  performed  at  160*  was  also  identified  tlie  dimer  (II)  altliough  these  autliors  were  unable  to 
Isolate  it  in  the  pure  state.  However,  in  tlie  dimerization  of  Isoprene  [2]  and  piperylene  [3]  we  established  tliat 
dimerization  is  accompanied  by  formation  of  all  of  the  theoretically  possible  six-  and  eight- me mbered  cyclic 
dimers j  in  the  case  of  Isoprene  the  reaction  is  also  strongly  temperature- dependent. 

It  was  of  interest  to  establish  whetlier  also  in  tlie  dimerization  of  2-phenylbutadiene  meta- substituted 
dimers  (111)  and  (IV)  as  well  as  eight- membered  dimers  (V)  and  (VI)  were  obtained  and  whether  the  reaction 
temperature  influences  tlieir  ratio  in  the  mixture. 
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Our  investigations  showed  that  keeping  of  2-phenylbutadiene  in  presence  of  pyrogallol  for  a  year  leads 
to  Iblo  transformation  into  a  mixture  of  crystalline  and  liquid  (20*^0)  dimers.  Fractional  cry'Stalllzation 

of  the  mixture  gave  dimer  (I)  (69*70)  which  had  previously  been  obtained  [1]{  in  addition  a  small  quantity 
(7.6*70)  of  dimer  (II)  was  isolated  for  tlie  first  time. 

Dehydrogenation  of  dimer  (1)  in  presence  of  palladium- on- carbon  gave  terphcnylj  tlie  identity  of  the 
former  witli  the  product  described  in  the  literature  was  also  proven  [1].  Performance  of  this  reaction  as  described 
for  dehydrogenation  of  gem- dimers  of  isoprene  [2]  leads  to  a  series  of  secondary  products  so  tliat  tlie  yield  of 
terphenyl  reaches  a  maximum  of  only  20'7o. 
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Dimer  (II)  Is  dehydrogenated  wiili  very  much  greater  facility;  heating  with  palladlum-on-carbon  gives 
l-(l’-phenyl)-ethyl-4-phenylbenzene  in  good  yield  (80'7o);  it  is  readily  oxidized  to  p-phenylbenzophenone  by 
nitric  acid  under  pressure.  Employment  of  nitric  acid  under  pressure  as  an  oxidant  served  in  this  case,  just  as 
in  investigation  of  tlie  products  of  dimerization  of  isoprene  [2],  as  a  good  method  of  establishing  die  structure 
of  die  dimers  formed.  Oxidation  under  these  conditions  of  alkylary  1- substituted  aromatic  hydrocarbons  proved 
a  convenient  method  of  syndiesis  of  the  corresponding  benzophenones. 

As  indicated  above,  the  dimerization  of  2-phenylbutadiene  at  20  -  30*  gave,  apart  from  crystalline  products, 
about  20%  of  a  liquid  mixture  of  dimers  which  could  not  be  separated  into  its  components.  This  mixture  was 
combined  with  the  residues  from  distillation  of  the  alcohol  from  die  mother  liquors  after  recrystalllzatlon  of 
dimers  (I)  and  (ll)|  it  was  then  distilled  in  vacuo  and  the  distillate  and  residue  were  examined  separately. 

The  distillate  was  dehydrogenated  in  presence  of  palladlum-on-carboni  chromatography  of  the  dehydro¬ 
genation  products  yielded  terphenyl,  corresponding  to  dimer  (l),  and  l-(l*-p)lienyl)ethyl-4-phenylbenzene  (Vll), 
corresponding  to  dimer  (11).  Oxidation  of  die  dehydrogenation  products  with  nitric  acid  gave  p-phenylbenzo¬ 
phenone  [confirming  the  presence  of  dimer  (I)]  and  a  small  quantity  of  m-phenylbenzophenone,  so  demonstrating 
the  presence  in  the  mixture  of  dimer  (IV)  wldi  a  meta- structure. 
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The  acidic  products  resulting  from  oxidation  contained  a  small  quantity  of  benzoic  acid  and  a  mixture  of 
higher  boiling  acids  which  were  not  further  examined. 

Chromatography  of  the  viscous  residue  after  vacuum  distillation  of  the  liquid  mixture  of  dimers  yielded 
a  further  10%  of  dimer  (11)  and  30%  of  liquid  products  which  were  shown  by  dehydrogenation  and  then  by  oxidation 
to  also  contain  dimers  (1),  (11),  and  (IV).  The  eight- membered  dimers  (V)  and  (VI)  and  dimer  (III)  were  not  de¬ 
tected  during  a  study  of  the  low- temperature  dimerization  of  2-phenylbutadiene. 

The  m-phenylbenzophenone  needed  for  identification  of  dimer  (IV)  was  specially  syntliesized  from  3-phcnyl- 
A*-cyclohexenone  (VIIl);*  reaction  of  tlie  latter  with  benzylmagnesium  chloride  followed  by  hydrolysis  gave 
l-phenyl-3-benzyl- A ’’-cyclohexadiene  (IX).  This  was  dehydrogenated  in  presence  of  palladlum-on-carbon 
and  the  dehydrogenated  product  oxidized  by  nitric  acid  to  m-phenylbenzophenone. 
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•  3-Plienyl-A*-cyclohexenone  (VIII)  was  prepared  from  the  methyl  ether  of  diliydroresorclnol  [4]. 
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Dinicrl/.atloii  of  2-plienylbuiadlene  at  220-230*  also  leads  to  a  crystalline  mixture  of  dimers  (80‘yo)  from 
whicli  dimer  (l)  and  dimer  (H)  (12'7o)  were  isolated  by  fractional  crystallization.  The  mother  liquors 

after  rccrystalllzation  were  evaporated  and  distilled  in  vacuo.  No  crystalline  products  were  detected  on  chromato¬ 
graphic  treatment  of  this  mixture  or  of  the  residue  from  distillation  of  the  liquid  mixture  in  vacuo.  The  liquid 
reaction  products  were  combined  and  ozonized,  and  1,2-dibenzoyletliane  (X)  was  Isolated  from  the  neuual  part. 
This  indicates  tlie  presence  in  the  liquid  mixture  of  1,4-dlphenyl- A"**  *  -cyclooctadiene  (V).  It  was  impossible 
to  fractionate  tlie  acid  products  resulting  from  ozonization. 

(V)  — >  CcIIiCOCHaCHaCOCollr, -!-  HOOCCII2CH2COOH 
(X) 

We  see  from  tlie  foregoing  facts  that  dimerization  of  2-phenylbutadiene  both  at  20*  and  220*  gives  pre¬ 
dominantly  products  with  substituents  in  the  para- position.  With  rising  temperature  the  quantity  of  gem-dimer 
0)  falls  slightly,  but  that  of  dimer  (II)  increases.  At  low  temperature  the  reaction  products  included  dimer  (IV) 
with  substituents  in  tlie  meta- position.  In  spite  of  a  careful  search,  meta- terphenyl  and  consequently  also  the 
second  gem-dimer  (IV)  were  not  detected.  The  eight- membered  dimer  (V)  was  found  in  addition  among  tlie 
liquid  products  obtained  at  220*. 

Consequently,  tlie  dimerization  of  a  diene  with  an  aromatic  substituent  (2-phenylbutadienc)  is  likewise 
accompanied  by  formation  of  most  of  tlie  theoretically  possible  dimers  (l),  (II),  (IV),  and  (V). 

EXPERIMENTAL 

2-Pheiiylbutadiene  [b.  p.  62*  (13  mm),  n^D  1.5489]  was  prepared  by  dehydration  of  methylphenylvinyl- 
carbinol  over  potassium  bisulfate  [5j. 

Dimerization  of  2-phenylbutadiene  at  20-30*.  In  a  cork- stoppered  dark-glass  flask  400  g  of  2-phenyl- 
butadlene,  5  g  of  pyrogallol  and  50  ml  of  etlier  were  kept'for  a  year.  The  greater  part  of  the  diene  changed 
Into  a  mixture  of  dimers  which  partly  crystallized.  The  crystalline  product  was  filtered  off  and  recrystallized 
from  methanol  to  give  107  g  of  4-vinyl-l,4-diphenylcyclohexene-l  (l)  with  m.  p.  63.5-64*j  colorless  needles 
[1]. 

Found  C  92.03*  H  7.80.  C20H20.  Calculated  C  92.26;  H  7.75. 

From  the  mother  liquor  was  isolated  a  furtlier  4.8  g  of  the  same  dimer  (I)  with  m.  p.  63-64*.  Distillation 
of  the  alcohol  yielded  15  g  of  an  oil  v^hich  was  added  to  the  liquid  mixture  of  dimers.  The  latter  were  distilled 
in  vacuo  to  give  76.4  g  of  a  fraction  boiling  over  the  range  of  55  to  98*  (9  mm)  and  evidently  comprising  a 
mixture  of  acetophenone,  methylphenylvinylcarbinol  and  2-phenylbutadiene.  The  residue  (203  g)  crystallized. 
Repeated  fractional  crystallization  of  tlie  latter  from  metiianol  yielded  a  further  63.5  g  of  dimer  (I)  with  m.  p. 
63.5-64*  (no  depression  in  admixture  witli  the  sample  previously  obtained)  and  19.2  g  of  4-vinyl-(l*-phenyl)- 
1-phenylcyclohexene-l  (II)  with  m.  p.  57-58“*  colorless  plates. 

Found  C  92.30;  H  7.78.  CjoHjo-  Calculated  <70;  C  92.25*  H  7.75. 

In  addition,  15,1  g  of  crystalline  dimers  was  obuined*  these  could  not  be  fractionated  and  they  were 
combined  with  the  oil  separated  after  tlie  alcohol  had  been  distilled  off  from  the  motlier  liquors  from  recrys¬ 
tallization  of  dimers  (l)  and  (II)  and  after  distillation  in  vacuo.  This  procedure  yielded  39.4  g  of  a  liquid 
mixture  of  dimers  widi  b.  p.  204-  220*  (5  mm),  n^D  1.6025  and  26.6  g  of  a  viscous  residue.  The  liquid  mixture 
of  dimers  and  die  residue  were  examined  separately. 

Dehydrogenation  of  dimer  (I).  Three  g  of  dimer  (I)  with  m.  p.  63.6-64*  and  1.1  g  of  307®  palladium-on- 
carbon  were  heated  at  320“  in  a  nitrogen  stream  for  12  hours.  Recrystallization  of  the  reaction  product  from 
etliyl  acetate  gave  0,56  g  of  terphenyl  with  m.  p.  207*  which  did  not  give  a  depression  of  melting  point  in  ad¬ 
mixture  wltli  an  autlientlc  specimen.  Distillation  of  solvent  from  tlie  motlier  liquor  gave  1.5  g  of  noncrystallizing 

oil. 

Dehydrogenation  of  dimer  (ll).  Dimer  (II)  (4  g)  with  m.  p.  57-58"  and  307o  palladium- on- carbon  (1.6  g) 
were  heated  at  320  -  330"  for  12  hours.  The  reaction  product  was  extracted  with  ether  and  tlie  ether  driven  off. 


Tlicre  was  obialiied  n.2  of  l-(r-plieiiyl)-ctliyl-4-phenylbcnzene  (VII)  with  m.  p.  59-C2*  (SO^o);  tlie  ni.  p. 
was  Gl-02*  (coiisiaiii)  after  rccrystallizatioii  from  mctliaiiol. 

FoiiikI%:  C  92.99;  M  G.93.  CaHis-  Calculated 'Vo:  C  92.98;  H  7.02. 

Oxidation  of  l-(r-plienyI)-eiliyl-4-phcnylbcuzcnc  (Vll).  Treaiinciu  of  3.5  g  of  (VII)  (m.  p,  61.5-62*) 
with  54  ml  of  5 '/o  nitric  acid  was  carried  out  in  an  autoclave  (250  ml  capacity)  at  a  nitrogen  pressure  of  40  atm 
at  180-195*  for  2.5  hours  [21.  The  reaction  product  was  extracted  with  ether,  the  extract  was  dried  with  magnesium 
sulfate,  and  the  ether  driven  off.  There  was  obtained  2.9  g  (82%)  of  p-phenylbenzophenone  witlt  m.  p.  101-102* 
(from  alcohol).  A  mixture  witlt  an  autlientic  specimen  did  not  give  a  depression  of  melting  point.  * 

Oxidation  of  1,1-dlphenyletliane.  Oxidation  of  2  g  of  1,1-diphenyletliane  (b.  p.  12^1-126*  at  8  mm,  n^D 

l. 5730)  was  effected  with  53  ml  of  4.5%  nitric  acid  under  tlie  preceding  conditions.  The  resulting  product  was 
extracted  with  ether,  and  the  ether  was  distilled  off  to  leave  1.6  g  (80%)  of  benzophenone  which  gave  an  oxime 
with  m.  p.  139-140*  in  agreement  with  the  literature. 

Investlcatlon  of  the  liquid  mixture  of  dimers  with  b.  p.  204-220*  (5  mm),  n^D  1.60  25.  l)  A  mixture  of 
dimers  (6  g)  and  30%  palladium-on-carbon  (1.6  g)  was  heated  at  320-  330*  for  12  hours.  The  reaction  product 
was  extracted  with  ether  and  the  ether  was  driven  off  to  leave  0.22  g  of  terphenyl  with  m.  p.  207*  and  4.4  g  of 
liquid  dehydrogenation  products.  Chromatographic  treatment  of  tlie  latter  on  200  g  of  alumina  (activity  not 
below  second  degree)  and  elution  with  ligroine  and  with  ligroine- benzene  mixture  gave  0.54  g  of  l-(l'-phenyl)- 
ethyl-4-phenylbenzene  (Vll)  witli  m.  p.  61-62",  and  a  further  0.02  g  of  terphenyl  with  m.  p.  207*.  Mixtures  of 
terphenyl  and  (VII)  with  authentic  specimens  did  not  give  depressed  melting  jxtints. 

m-Terphenyl  was  not  detected  among  the  products  Isolated  by  chromatography. 

2)  6.1  g  of  the  same  mixture  and  1.6  g  of  palladium-on-carbon  (20%)  were  heated  at  310-320*  for  12 
hours.  The  usual  working-up  yielded  0.32  g  of  terphenyl  with  m.  p.  207*  (no  melting  point  depression  in  ad¬ 
mixture  with  an  authentic  specimen)  and  4.46  g  of  liquid  products.  The  latter  were  then  heated  in  an  autoclave 
under  a  nitrogen  pressure  of  40  atm  with  85  ml  of  5%  nitric  acid  at  190-200*  for  2  hours.  The  reaction  product 
was  extracted  witli  ether  and  the  ether  solution  washed  with  sodium  carbonate  solution.  The  solution  of  the  salts 
was  acidified  and  extracted  with  ether.  The  two  ethereal  solutions  were  dried  with  calcium  chloride.  Distillation 
of  the  etlier  from  die  acid  products  gave  0.9  g  of  residue.  Sublimation  of  diis  residue  yielded  benzoic  acid  vd.th 

m.  p.  121*  (no  depression  of  melting  point  in  admixture  widi  benzoic  acid)  and  0.07  g  of  acids  with  m.  p. 

110-156*  which  were  not  furdier  investigated.  The  neutral  products  (after  distillation  of  the  ether)  were  chromato¬ 
graphed  in  a  column  on  50  g  of  alumina  and  eluted  with  ligroine  and  benzene.  This  procedure  yielded  0,69  g  of 
p-phenylbenzophenone  witli  m.  p.  103*  and  0.12  g  of  m-phenylbenzophenone  widi  m.  p.  79-80*.  Mixtures  of 
diese  ketones  with  audientic  specimens  did  not  give  depressed  melting  points.  m-Terphenyl  was  again  not 
detected. 

Investlcatlon  of  the  residue  after  distillation  of  the  liquid  mixture  of  dimers.  The  dark  viscous  residues 
(20.8  g)  were  chromatographed  on  alumina  (300  ml)  and  eluted  witli  ligroine  to  give  2.1  g  of  dimer  (II)  with 
m.  p.  57-58*  and  6.7  g  of  liquid  mixture  of  dimers. 

4.1  g  of  this  mixture  and  1.7  g  of  palladlum-on-carbon  (30%)  were  heated  at  330*  for  12  hours.  Working-up 
in  the  usual  manner  gave  0.12  g  of  terphenyl  with  m.  p.  207*  (no  melting  point  depression  in  admixture  with  an 
autlientic  specimen)  and  2.5  g  of  liquid  residue.  The  latter  was  oxidized  by  heating  with  5%  nitric  acid  (43  ml) 
as  described  for  the  preceding  experiment. 

The  usual  working- up  yielded  2.05  g  of  neutral  products,  in  the  form  of  a  mixture  of  oil  and  crystals,  and 
0.38  g  of  acid  products  (tlie  latter  were  not  furtlier  examined).  The  neutral  products  were  chromatographed  on 
alumina  (40  ml)  and  eluted  with  ligroine  and  benzene  to  give  0.2  g  of  p-phenylbenzophenone,  m.  p.  103*,  and 
0.12  g  of  m-phenylbenzophenone,  ni.  p.  79-80*.  Mixtures  of  the  preparations  with  autlientic  spiecimens  did  not 
exhibit  melting  point  depressions. 


*  p-Phenylbenzophenone  was  specially  synthesized  from  diplienyl  and  benzoyl  chloride  in  presence  of  AlCls 
in  nitrobenzene  solution  (yield  80%). 
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3-Pliciiyl-A*-cycloliexenone  (VIII).  A  Grignard  reagent  was  prepared  from  15.6  g  of  bromobenzene  and 

2.4  g  of  magneslnm,  and  a  solution  of  10  g  of  the  mediyl  etlicr  of  diliydroresorcinol  in  300  ml  of  etlicr  was  added. 
The  reaction  product  was  decomposed  witli  100  ml  of  10  sulfuric  acid,  and  the  main  bulk  of  etlicr  was  distilled 
off  on  a  water  bath.  The  residue  was  poured  Into  ligroine  (b.  p.  30-60*)  and  7  g  of  3-phenyl- A^-cyclohexenone 
was  deposited}  m.  p.  63-64*. 

1- Phenyl- 3- benzylcyclohcxadiene- 1,3  (IX).  To  tlie  Grignard  reagent  prepared  from  10  ml  of  benzyl 
chloride  and  1,7  g  of  magnesium  was  added  a  solution  of  4  g  of  3-phenyl-A*-cyclohexenone  In  10  ml  of  etlier 
with  cooling.  After  worklng-up  in  ilie  usual  manner  and  distillation  of  the  ether,  the  product  was  distilled  in 
vacuo  to  give  4.5  g  of  1-plieny  1-3- benzylcyclohcxadiene- 1,3  (IX)  witli  b.  p.  219-221*  (9  mm),  m.  p.  130" 

(from  alcohol). 

Found  C  92.16;  H  7.40.  CijUu-  Calculated  <7o:  C  92.52;  H  7.48. 

m-Phenylbenzophenone.  Diene  (IX)  (4.33  g)  was  heated  with  30'yo  palladium- on- carbon  (l  g)  at  300* 
for  4  hours.  After  ilie  usual  working- up  and  distillation  of  tlie  ether,  tlie  residue  consisted  of  4.35  g  of  a  viscous 
fluorescent  liquid  identified  as  m-benzyldiphcnyl.  This  was  subjected  to  oxidation  witliout  distillation. 

A  mixture  of  3.2  g  of  this  product  and  22  ml  of  A%  nitric  acid  was  heated  at  180-200“  under  a  nitrogen 
pressure  of  40  atm  for  2  hours.  The  reaction  product  was  extracted  with  ether,  washed  witli  bicarbonate  solution, 
and  dried  widi  magnesium  sulfate.  The  ether  was  driven  off  to  leave  2.95  g  of  residue  which  was  chromatographed 
on  alumina  and  eluted  witli  a  mixture  of  ligroine  and  benzene.  Sub.sequent  recrystallization  from  Isooctane  yielded 

1.5  g  of  m-phcnylbcnzophenone  with  m,  p.  80"  (54.5").  The  literature  [6]  reports  m.  p.  79*  (from  ligroine). 

Dimerization  of  2-phenylbutadiene  at  220-230*.  A  round- bottomed  flask,  fitted  witli  reflux  air  condenser, 
dropping  funnel  and  thermometer  (the  latter  extending  to  the  bottom),  was  first  heated  to  200";  addition  was  then 
made  In  tlie  course  of  10  min  of  46.5  g  of  2-phenylbutadlene  containing  0.2  g  of  hydroquinone.  Within  two 
minutes  after  the  addition  the  temperature  of  the  mixture  had  risen  to  220",  and  it  was  held  at  220-230"  for  1.5 
hours.  The  reaction  product  was  distilled  in  vacuo.  Tliere  was  obtained  2.6  g  of  a  substance  witli  b.  p.  85" 

(7  mm),  n^D  1.5345,  37.64  g  of  a  mixture  of  dimers  with  b.  p.  207-209*  (7  mm),  n^D  1.6035  (the  product 
crystallized),  and  4.2  g  of  residue.  Numerous  fractional  crystallizations  of  this  mixture  of  dimers  from  methanol 
gave  21,55  g  of  dimer  (1)  with  ni.  p.  63-64*  and  4.48  g  of  dimer  (ll)  with  m.  p.  57-58*.  Mixtures  of  each  product 
with  autlientlc  specimens  did  not  exliibit  melting  point  depressions.  The  modier  liquors  were  evaporated  after 
recrystallization.  The  residue  was  distilled  in  vacuo  to  give  6.26  g  of  a  substance  with  b.  p.  193-200*  (5  mm), 
n^D  1.6060  and  1  g  of  residue.  No  crystalline  products  were  Isolated  when  tliis  fraction  (as  well  as  the  residue) 
was  chromatographed  on  alumina;  the  liquid  products  were  combined  and  tlie  resulting  mixture  of  dimers  was 
ozonized. 

Ozonized  oxygen  (6^o  ozone)  was  passed  at  0*  through  a  solution  of  1.4  g  of  this  mixture  in  50  ml  of  acetic 
acid  at  a  rate  of  6-7  liters/hour  for  2  hours.  To  the  solution  was  added  3.8  ml  of  peracetic  acid.  The  liquid  was 
heated  at  50-60*  for  12  hours  and  at  100"  for  1  hour.  The  acetic  acid  was  removed  in  vacuo.  The  residue  was 
dissolved  in  etlier  and  washed  with  sodium  carbonate  solution.  The  salts  of  the  acids  were  evaporated  to  a 
volume  of  2  ml,  acidified  with  hydrochloric  acid  and  extracted  with  etlier.  Both  of  the  etliereal  solutions  were 
dried  with  magnesium  sulfate.  Removal  of  the  ether  from  tlie  neutral  products  left  0.79  g  of  residue;  tlie  latter 
was  chromatographed  on  alumina  (20  ml)  and  eluted  with  etlier  to  give  0.05  g  of  1,2-dlbenzoyletliane  (IX)  with 
m.  p.  145";  the  latter  did  not  give  a  depression  of  melting  point  in  admixture  witli  an  autlientic  specimen.  There 
was  also  obtained  0.S9  g  of  acid  products  in  tlie  form  of  a  mi.xture  of  crystals  and  oil  from  which  no  pure  sub¬ 
stances  could  be  isolated. 


SUMMARY 

The  main  products  of  dimerization  of  2-phenylbutadlene  at  20-30*  and  220-230*  are  dimers  with  substituents 
in  tlie  para- position;  4-vinyl-l,4-diphenylcyclohcxcnc-l  (obtained  previously)  and  4-vlnyl-(l'-phenyl)-l- 
phenylcyclohexene-1  Oierc  Isolated  for  the  first  time). 

Among  the  reaction  products  were  also  detected  a  slx-membered  dimer,  3-vlnyI-(l*-phenyl)-l-phcnyl- 
cyclohexene-1,  witli  a  substituent  in  tlie  meta-position,  and  an  eight- mem  be  ted  dimer  1, 4-diphenyl- A'**®- 
cyclooctadiene. 
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The  ratio  of  dimers  changes  slightly  at  higher  temperature. 

A  new  synthesis  of  m-phenylbenzophenonc  from  the  methyl  etlter  of  dlhydroresorclnol  is  described. 
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SOME  REACTIONS  OF  2- N  IT  RO  MET  H  Y  LQU I N  O  LI  NE 


m.  THE  REACTION  WITH  o,  6 -UNSATURATED  KETONES 

L.  Zalukajevs  and  E.  Vanags 

Voronezh  Agricultural  Institute  and  Institute  of  Chemistry, 

Academy  of  Sciences,  Latvian  SSR 

Translated  from;  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp,  145-147,  January,  1960 
Original  article  submitted  January  5,  1959 


Addition  of  substances  containing  a  nitromethyl  group  to  the  double  bond  of  a, 6 -unsaturated  ketones  [1] 
has  often  been  described  in  tlie  literature.  It  is  expressed  by  the  equation 

>C=CHCOR  +  U1CH2NO2  — >  >C— CH2COU 

Ri— CUNOz. 


and  leads  to  formation  of  y-nitroketones. 

Phenylnitromethane,  for  example,  in  presence  of  bases  adds  on  with  facility  to  benzylideneacetophenone 
[^1  to  form  y-nltro-  0,y-diphenylbutyrophenone  (I)  in  yield,  and  to  vlnylphenyl  ketone  [3]  with  formation 
of  y  -nitro-y-phenylbutyroplienone  in  roughly  the  same  yield. 


Cflll  5-C  H -C  H  2-CO -Ccl  1 5 
I 

C6H5-CIINO2  (I) 


CoHr,-Cn— CII2— CII2-CO-C6H5 


NO2  (11) 


There  were  good  grounds  for  expecting  formation  of  analogous  compounds  from  2-nitromethylqulnoIine 
since  it  chemically  resembles  arylnitromethanes,  altliough  surpassing  the  latter  in  respect  of  methylenlc  group 
activity.  This  expectation  was  fully  justified.  Heating  of  2-nitromethylquinoline  with  chalcone  and  of  2-nitro- 
metltyl-4-methylqulnoline  [4]  with  chalcone  and  benzylideneacetone  gave  derivatives  of  the  general  formula 
(UI). 


I 

NO2  Cells 

CH-CH2-COR2 

(III) 

u,  =  n.  CM,:  R,  =  CH,,  c.n,. 
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The  reaction  proved  to  be  reversible.  When  heated  with  bases  (phenylhydra/.lne,  p-nltrophenylhydrazlne, 
aniline),  y -nltrobniyrophenoncs  ai’.ain  suffer  loss  of  the  elements  of  2-nitronictliylqulnoline,  due  to  which 
chalconc  and  the  cinlnollnc  derivative  react  wlilt  the  amines  itidependetitly  of  one  another.  Reaction  of  phenyl- 
hydrazlnc  wiili  y -nltro-y -(qninolyl-2)-a-plienylbutyrophetione  tints  gives  1,3,5-trlphenylpyrazollne. 

Cl  1 2i  —  nC — C(}ll5 

Cnii  .(:ii=-ciico(;ji-,  NiioNii— Cell-,  — >  I 

c,ii,cii', 

N-C0H5 


This  reaction  has  already  been  described  In  [5].  p-Nitrophenylhydrazine  reacts  with  formation  of  addition 
compound  (IV)  which  can  also  be  obtained  by  heating  2-nitromethylquitioline  with  p-nitrophenylhydrazine. 

I  1  J-CHj-iNOz  •  ^-NOj 

(IV) 

y  -Nitro-y-(4-methylqulnolyl-2)-  0-phenylbutyrophenone  behaves  in  exactly  the  same  manner. 


EXPERIMENTAL 

1.  y -Nitro-y-(quitiolyl-2)-6 -phenylbutyrophenone  (Ill,  Rj  =  H;  Rj  =  C5H5).  Chalcone(3g),2-nitro- 
metliylquinoline  (3  g),  alcohol  (40  mi)  and  nine  drops  of  triethylamine  were  heated  on  a  water  bath  for  5-6  hours; 
tlie  solution  was  tlien  stood  overnight  at  room  temperature.  The  resulting  crystals  were  filtered.  M.  p.  163*. 
Weight  5.2  g  (90*^0).  Recry'stallization  from  glacial  acetic  acid  did  not  alter  the  melting  point.  The  yield  is 
lowered  if  alcoholic  sodium  metlioxide  and  etlioxide  are  used. 

Found  C  75.84j  H  5.22;  N  7.11.  C5H20O3N2.  Calculated ‘^o:  C  75.75;  H  5.05;  N  7.07. 

2.  Cleavage  of  y-nltro-y  -(quinolyl-2)- 6-phenylbutyrophenone  by  bases,  a)  Phenylhydrazlne.  y-Nltro- 
y-(quinolyl-2)-  6-phenylbutyrophenone  (1  g),  phenylliydrazine  (1.2  g)  and  glacial  acetic  acid  (10  ml)  were 
boiled  for  15  min.  On  standing,  yellow  needles  came  down  with  m.  p.  136*.  Weight  0.4  g. 

Found ‘yo:  N  9.43.  C2iHigN2.  Calculated  N  9.39. 

A  mixture  with  authentic  1,3,5- uiphenylpyrazollne,  prepared  by  heating  chalcone  with  phenylhydrazlne, 
melted  witliout  depression  [5]. 

b)  p-Nitrophenylhydrazine.  Glacial  acetic  acid  (15  ml)  was  added  to  1  g  y-nitro-y -(quinolyl-2)-  fl  - 
phenylbutyrophenone  and  2  g  of  p-nitrophenylhydrazine,  and  the  mixture  boiled  for  15  min.  Brownish,  elongated 
plates  came  down  on  cooling;  m.  p.  208*  (from  glacial  acetic  acid  and  from  alcohol). 

Found  N  20.86.  C15HJ5O4N5.  Calculated  N  20.52. 

The  same  product  (IV)  was  obtained  from  p-nltrophenylhydrazlne  and  2-nitromethylqulnoline  in  glacial 
acetic  acid.  M.  p.  208*.  A  mixture  of  the  two  substances  melted  without  depression. 

3.  y -Nitro-y-(4-metJiylqulnolyl-2)-  8-phenvlbutyrophenone  (III,  Ri  =  (3l3;  R2  =  C5H5).  A  mixture  of  6  g 

of  2-niiromethyl-4-metliylquinoline  and  6  g  of  chalcone  was  heated  in  80  ml  of  alcdiol  in  presence  of  ten  drops 
of  triethylamine  on  a  water  batli  for  5  hours.  The  precipitate  was  recrystallized  from  alcohol.  Light-yellow 
needles  with  m.  p.  151-152*.  Yield  8.7  g 

Found  C  75.90;  H  5.47;  N  7.07.  CjaHjjOjNj.  Calculated  <7o:  C  76.10;  H  5.36;  N  6.83. 

4.  Cleavage  of  y-nitro-y-(4-methvlqulnolyl-2)- 6-pl>enylbutyrophenone  by  bases,  a)  Plienylhydraztne. 
The  reaction  was  performed  as  in  2a.  1,3,5-Triphenylpyrazollne  was  obtained  with  m.  p.  136*. 
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b)  Aniline,  y -Nitro-y-(4-methylquinolyl-2)- 0-phenylbutyrophenone  (1  g)  was  boiled  with  aniline  for 
45  niln.  Tlie  mixture  was  dissolved  In  glacial  acetic  acid.  The  resulting  precipitate  was  recrystalllzcd  from 
glacial  acetic  acid.  M.  p.  167-1G8*{  no  depression  in  admixture  with  authentic  chalcone  anil. 

Found  <7o:  N  4.83.  Calculated N  4.95. 

5.  y -Nitro-y -(4-methylq.iinolyl-2)- 8-plienylpentanone-2  (111,  Ri  =  CH3;  R2=CH3).  A  mixture  of  4.4  g 
of  2-nitromethyl-4- methylquinoline,  3.6  g  of  benzylideiieacetone,  15  drops  of  uietliylamine  and  60  ml  of 
alcohol  was  heated  on  a  water  bath  for  4  hours.  Tlic  brownisli  solution  deposited  3.7  g  of  substance  on  cooling. 
Evaporation  of  the  mother  liquor  gave  a  further  1.7  g  of  tlie  substance.  The  precipitates  were  combined  and 
2.9  g  of  lustrous  yellow  plates  was  obtained  after  two  recrystallizations  from  alcohol.  M.  p.  150-151*. 

Found  C  72.71»  H  6.45;  N  8.07.  C21H20O3N2.  Calculated  C  72.91;  H  6.72;  N  8.05. 

6.  y -Nitro-y-(p-nltrophcnyl)-  8 -phenylbutyrophenone.  A  mixture  of  0.9  g  of  p-nitrophenylnitro- 
metliane,  1  g  of  chalcone,  16  ml  of  alcohol  and  five  drops  of  triethylamine  was  heated  on  a  water  bath  for 
2.5  hours.  The  product  first  came  down  in  tlic  form  of  an  oil  which  later  crystallized.  Colorless  needles  with 
m.  p.  178*  after  recrystallization  from  alcohol.  Yield  0.85  g.  Further  rccrystallization  did  not  alter  tire  melting 
point. 

Found  %:  C  67.70;  H  4.81;  N  7.10.  CjzHisOjNj.  Calculated  <yo:  C  67.69;  H  4.61;  N  7.18. 

SUMMARY 

A  study  was  made  of  tire  addition  of  2-nltromethylquinoline  and  its  4-metliyl  derivative  to  an  electrophilic 
double  bond,  and  the  corresponding  derivatives  of  butyrophenone  were  obtained. 
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FURAN  COMPOUNDS 


X.  THE  BROMINATION  OF  1,6-D10XASPIR0(4,4)N0NANE  AND  ITS  HOMOLOGS 
BY  COMPI£XLY  BOUND  BROMINE 

A.  A.  Ponomarev  and  A.  D.  Peshekhonova 
Saratov  N.  G.  Chernyshevskii  State  University 
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Spirans  of  the  l,6-dloxasplro(4,  4)nonane  group  became  known  through  the  work  of  Fittlg  [1,  2]  and  Volhard 
[3]  who  obtained  several  representatives  of  these  compounds  from  butyro-,  valero-  and  caprolactones  and  from 
dlallylacetone,  and  also  established  their  structure. 

The  simplest  spiran  of  this  series  —  1,6-dioxaspiro  (4,4)nonane  —  was  also  isolated  from  the  products  of 
hydrogenation  of  furylacrolein  under  pressure  in  presence  of  Raney  nickel,  and  some  of  its  homologs  were  prepared 
by  hydrogenation  of  furfurylideneacetone,  difurfurylideneacetone,  furfurylidenebutanol  or  the  corresponding 
furanic  alcohols  [4-7]. 

A  large  group  of  2-alkyl-  and  phenyl-substituted  spirans  was  later  synthesized  by  one  of  us  and  co-workers 
by  hydrogenation  of  a  series  of  secondary  furylalkanols  [8J.  It  was  subsequently  shown  [9]  that  tertiary  y-furyl- 
alkanols  are  similarly  hydrogenated  over  nickel  catalysts  to  give  2,2-dialkyl- l,6-dioxaspiro(4,  4)nonanes. 

The  mechanism  of  formation  of  spirans  from  y -furylalkanols  was  experimentally  clarified  by  one  of  us 

[10]. 

Chemically  1,6-dioxaspiro  (4,4)nonane  and  its  homologs  are  internal  cyclic  acetals  witli  properties  typical 
of  this  class  of  compounds.  For  example,  HBr  and  HI  cleave  them  to  form  derivatives  of  y  ,y '-dliodo-  or 
dlbromoketones  [1,  3,  6].  It  was  also  shown  that,  like  all  acetals,  these  spirans  react  with  organomagneslum 
compounds  to  form  compounds  of  tlie  tetrahydrofuran  series  [11].  At  tlie  same  time,  l,6-dloxasplro(4,4)  nonane 
and  Its  homologs  are  chemically  very  much  more  stable  than  the  simple  acetals. 

The  behavior  of  compounds  of  this  group  with  halogenatliig  agents  is  interesting.  It  has  long  been  known 
[1,  12]  tliat  l,6-dloxaspiro(4,4)nonane  and  some  of  its  homologs  interact  with  bromine  with  liberation  of  hydrogen 
bromide.  This  behavior  is  indicative  of  a  substitution  reaction.  The  same  authors  were  unable,  however,  to 
Isolate  any  pure  substances.  Only  recently  [5]  was  l,6-dioxasplro(4,4)nonane  brominated  with  bromine  in  dry 
ether  and  with  isolation  of  a  small  quantity  (yield  not  stated)  of  a  white  crystalline  substance,  m.  p.  113*, 
formula  C7Hj502Br2;  structure  not  clarified. 

We  repeated  this  experiment  and  found  that  under  these  conditions  a  crystalline  substance  is  indeed  formed 
with  formula  C7HjQ02Br2,  m.  p.  112.5*,  yield  not  exceeding  25‘yo.  Attempted  brominatlon  under  similar  conditions 
of  2-methyl-l,6-dio.\asplro(4,4)nonane  led  to  reslnificatlon.  We  also  attempted  to  replace  etltyl  ether  by  an 
oxygen- free  solvent.  We  found  tliat  a  crystalline  dibromide  is  formed  in  5.5^o  yield  when  bromine  acts  on  1,6- 
dioxaspiro  (4, 4)nonane  in  dry  dlchloroethane,  and  that  no  dlbromide  is  obtained  in  dry  chloroform.  Ethyl  ether 
tlius  proved  to  be  the  best  medium  for  bromlnation  of  a  spiran.  This  behavior  is  undoubtedly  associated  with  the 
well-known  ability  of  ethyl  ether  to  form  a  molecular  compound  with  bromine. 
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Mono  and  Dibromo  Derivatives  of  1,6- Dioxaspiro  (4,4)  nonane  and  Its  Honaologs 
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Formula  of  brorao 


III  llie  Uglit  of  the  above  facts  we  considered  that 
broniiiiatioii  willi  bromine  in  complex  form  miglu  be 
successful  in  ilie  case  of  l,6-dioxasplro(4,4)iionaiie  and 
Its  homolojts.  We  chose  dioxanc  dibromide  as  bromliiating 
agent(  this  had  been  successfully  applied  by  A.  P. 
Terent’ev  and  L.  A.  Yanovskaya  [13]  for  bromlnatlon  of 
many  substances.  The  corresponding  dlbromo  derivatives 
were  obtained  in  satisfactory  yield  when  the  spiran/ 
/dioxane  dibromide  ratio  (molar)  was  1 :2. 

We  obtained  dibromo  derivatives  of  the  simplest 
spiran  and  of  its  2- methyl  homolog  in  two  forms  — 
crystalline  and  liquid.  The  liquid  product  could  be 
gradually  converted  to  die  solid,  for  instance  after 
redistillation  in  vacuo.  This  may  be  a  case  of  cis- 
and  trans- isomerism.  Bromination  of  spirans  under  the 
same  conditions,  but  using  a  1 :1  molar  ratio  of  reactants, 
gave  a  monobromospiran  as  die  main  product.  Highly 
regular  change  of  physical  properties  is  to  be  observed 
within  the  homologous  series  of  mono-  and  dibromlnated 
spirans  that  we  prepared  (see  table).  It  can  be  observed, 
in  particular,  diat  the  depression  of  molar  refraction 
characteristic  of  these  substances  is  of  the  order  of 
0.5  ml.  That  the  bromine  in  the  brominated  spirans  is 
not  combined  in  complex  form  is  proven  —  apart  from 
the  evidence  of  hydrogen  bromide  liberation  noted 
above  —  by  the  fact  diat  the  corresponding  amine  salts 
are  formed  when  the  bromospirans  are  heated  with 
excess  of  diethylamine  and  piperidinej  similarly  sodium 
bromide  is  formed  on  heating  with  sodium  ethoxide.  We» 
were  unable,  however,  in  these  experiments  to  isolate 
any  pure  products  —  products  of  replacement  of  bromine 
in  the  spiran  by  the  corresponding  groups. 

The  problem  of  the  structure  of  bromo  derivatives 
of  1,6-dioxaspiro  (4,4)nonane  and  its  homologs  is  still 
unsolved;  l.e.,  the  position  of  the  bromine  in  tlie  spiran 
molecule  is  unknown  (there  are  many  possibilities).  The 
mechanism  of  bromination  of  spirans  is  also  obscure. 

We  are  continuing  our  work  on  all  of  these  aspects. 


EXPERIMENTAL 


The  following  examples  are  typical  of  the  procedure 
for  spiran  bromination. 


Synthesis  of  dibrominated  1,6-dioxaspiro (4,4)- 
nonane.  To  a  cooled  solution  of  10  g  of  1,6-dioxaspito- 
(4,4)nonanc  in  10  ml  of  dry  ether  was  gradually  added, 
will!  sliaking,  160  ml  of  etliereal  solution  containing 
39  g  of  dioxane  dibrumide;  each  fresh  portion  was  added 
after  decolorization  of  the  previous  one.  Toward  the 
end  of  the  experiment  the  reaction  was  carried  out  at 


room  temperature.  Two  layers  formed;  the  upper 
(ethereal)  layer  was  collected  and  washed  witli 
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sodium  carbonate  solution  and  ilien  with  waterj  the  lower  layer  was  neuuallzed  with  lO'Vo  sodlutii  carbonate 
solution  and  the  substance  present  was  extracted  with  etherj  the  extract  was  added  to  tlic  main  product  which 
was  tlien  dried  v/itli  calcined  maj^ncsiurn  suliate.  The  etlier  was  driven  off  and  tlie  residue  distilled  in  vacuo. 

At  105-108*  (5  turn),  10  g  of  dlbromo  derivative  came  over  as  a  heavy  liquid  whlcU  partly  crystallized.  The 
crystals  were  collectedt  m,  p.  112.5*  (from  alcohol).  Analysis  of  llie  filtrate  indicated  iliat  it  was  also  a  di- 
bromo  derivative}  on  redistillation  it  changed  to  the  crystalline  form. 

Synthesis  of  monobromlnated  l,G-dioxaspIto(4,4)nonane  was  effected  under  tlie  same  conditions  but 
with  use  of  1  :1  molar  ratio  of  reactants,  i.e.,  27  g  of  dioxane  dibromide  in  80  ml  of  ether  was  added  to  13.5  g 
of  spiral!  in  25  ml  of  dry  ether.  The  reaction  mixture  was  worked  up  as  above  and  .the  bromo  derivative  isolated 
in  the  manner  described.  Distillation  at  70-72*  (5  mm)  gave  15  g  of  die  monobromo  derivative  of  1,6- 
dioxasplro  (4,4)  nonane. 

Details  of  some  properties  and  analyses  of  mono-  and  dibromo  derivatives  of  various  spirans  are  presented 
in  the  table. 


SUMMARY 

Dioxane  dibromide  acts  on  l,6-dio.\aspiro (4,4)nonane  and  its  homologs  to  form  mono-  or  dlbromo 
derivatives  of  the  spirans  (depending  on  the  conditions).  A  series  of  previously  unknown  bromo-substltuted 
spirans  was  obtained  and  their  properties  described. 
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ALKALINE  SAPONIFICATION  OF  ESTERS  AND  NITRILS 
OF  ETHYLENEIMINOCARBOXYLIC  ACIDS 

V,  K.  Antonov  and  A,  Ya,  Berlin 

Translated  from:  Zhurnal  Obshchel  Khimii,  Vol,  30,  No.  1,  pp.  151-153,  January,  1960 
Original  article  submitted  December  17,  1958 


Ethylenelminocarboxylic  acid  derivatives  are  a  relatively  new  and  little  studied  class  of  compounds. 
Their  esters  were  synthesized  for  the  first  time  in  1953  [1].  We  recently  described  the  nitriles  [2], 

In  the  present  work  we  studied  the  behavior  of  these  compounds  during  alkaline  saponification  with  the 
objective  of  Isolating  the  previously  unknown  free  ethylenelminocarboxylic  acids.  The  sole  product  of  saponlfi' 
cation  of  the  methyl  ester  of  N-methylethyleneiminocarboxylic  acid  (I)  with  alcdiolic  NaOI 


CII2— CH-GOOR  CH2— CII— CN  CH2— CH— CONH» 


\n/ 

1 

\n/ 

Xjy/ 

GH3 

1 

GH3 

1 

CH3 

(I)  R=CH,,  (II)  R  =  Na 

(III) 

(IV) 

was  tlie  sodium  salt  of  N-metliylethyleneiminocarboxylic  acid  (II),  Formation  of  products  of  rupture  of  the 
three- membered  ring  were  not  observed.  Attempts  to  isolate  free  N-methylethylenelminocarboxyllc  acid  by 
exact  acidification  of  its  sodium  salt  were  unsuccessful.  Acidification  resulted  in  separation  of  a  polymeric 
substance  in  accord  with  the  well-known  susceptibility  of  etliyleneimines  to  polymerization  under  the  influence 
of  the  ion  (see,  for  example,  [3j). 

Saponification  of  the  nitrile  of  N-metltylethyleneiminocarboxyllc  acid  (111)  by  boiling  with  aqueous 
alcoholic  alkali  gave  the  amide  of  N-methylethylenelminocarboxyllc  acid  (IV)  in  about  25%  yield  together  with 
40-45%  of  the  sodium  salt  (II),  The  structure  of  the  amide  was  verified  by  reverse  synthesis  from  ester  (I)  and 
alcoholic  ammonia. 

The  quantity  of  ammonia  evolved  during  saponification  of  nitrile  (III)  was  determined.  It  was  shown  that 
release  of  NH3  ceased  substantially  after  saponification  for  1.5  hours,  by  which  time  only  about  50%  of  the 
theoretical  amount  of  ammonia  had  been  collected.  This  corresponds  to  the  yield  of  sodium  salt  of  ethylene- 
imlnocarboxylic  acid  (II).  The  remaining  quantity  of  original  nitrile  (after  allowing  for  25%  converted  to  amide) 
evidently  remains  unchanged.  This  was  confirmed  by  isolation  of  the  hydrobromide  of  a-bromo-  fl -methylamlno- 
propioniirile  [2]  by  treatment  of  the  mother  liquor  wltlt  dry  hydrogen  bromide.  Prolongation  of  tlie  period  of 
saponification  of  niuile  (111)  to  3  hours  led  to  substantially  no  change  in  yields  and  ratio  of  reaction  products. 

Saponification  of  nitrile  (111)  by  3%  H2O2  solution  and  KOH  [4]  gave  amide  (IV)  in  a  yield  only  slightly 
exceeding  25%. 


EXPERIMENTAL 

1.  Methyl  ester  of  N-methylethyleneimlnocarboxyllc  acid  (I).  To  a  solution  of  12.3  g  of  methyl  a,  B- 
dibromopropionate  in  10  ml  of  anhydrous  benzene  was  added  at  15-20*  a  mixture  of  13.8  ml  of  trlethylamlne 
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with  24  ml  of  7.7G%  solution  of  nietliylamine  (1.8G  g)  in  benzene.  The  mixture  was  heated  in  an  autoclave  at 
80*  for  3  hours,  then  cooled  and  filtered.  The  precipitate  of  trietliylamine  hydrobromide  was  thoroughly  waslted 
with  benzene,  tlie  filtrate  was  evaporated  in  vacuo,  and  tlie  residue  distilled.  Yield  2.8  g  (49*70). 

B.  p,  62-53*  (10  mm),  n^D  1.4374,  d"^  1.0437G,  MR^  28.92j  Calc.  28.68. 

Found  <70;  C  51.99;  H  7.76;  N  12.14.  C5H9O2N.  Calculated  *70:  C  52.16;  11  7.87;  N  12.16.' 

2.  Sodium  salt  of  N- methylethyleneiminocarboxylic  acid  (II).  Ester  (1)  (2.3  g)  was  mixed  with  a  solution 
of  0.8  g  of  NaOM  in  14  ml  of  anhydrous  nietiianol.  The  mixture  was  boiled  for  1  hour  and  tlie  alcohol  driven  off. 
The  precipitate  was  triturated  with  acetone,  filtered,  and  dried  in  a  desiccator.  Yield  1.2  g,  m.  p.  208-211* 
(decomp.).  Tlie  substance  was  purified  by  recrysiallization  from  a  small  Quantity  of  n- butyl  alcohol.  After  five 
days’  standing  in  a  refrigerator,  needles  were  obtained  with  ni.  p.  222-223*  (decomp.),  yield  0.6  g  (25  7o). 

Found ‘7o;  N  11.59.  C^HgOjNNa.  Calculated  %;  N  11.38. 

To  a  solution  of  0.25  g  of  (II)  in  5  ml  of  anhydrous  alcohol  was  added  7.5  ml  of  1.25%  HCl  solution  in 
anhydrous  alcohol.  The  precipitated  NaCl  was  filtered  off  and  the  filtrate  evaporated  in  vacuo  to  give  0.32  g 
of  a  white  polymeric  substance,  soluble  in  water  and  containing  the  chloride  ion. 

3.  N- Methylethyleneiminocarboxylic  acid  amide  (IV).  a)  A  solution  of  0.95  g  of  ester  (I)  was  prepared 
in  10  ml  of  anhydrous  alcohol  and  tire  solution  was  saturated  with  dry  ammonia.  The  mixture  was  stood  at  20* 
for  3  days,  after  wliich  tire  alcoliol  was  distilled  off  in  vacuo,  and  tire  residue  was  treated  witlr  hot  benzene  and 
filtered.  The  filtrate  was  concentrated  to  V5  of  its  original  volume  and  hexane  was  added.  The  resulting  pre¬ 
cipitate  (0.35  g)  was  recrystallized  from  a  mixture  of  benzene  and  hexane.  M.  p.  100-101*,  yield  0.2  g. 

Founder  C  48.07;  H  8.12;  N  27.64.  C^HgONj.  Calculated  %;  C  47.98;  H  8.06;  N  27.98. 

b)  A  mixture  of  5.88  g  of  nitrile  (III)  [2],  2.9  g  of  NaOH,  5  ml  of  water  and  20  ml  of  alcohol  was  refluxed 
in  a  flask  for  1.5  hours,  the  condenser  being  joined  by  a  gas-leading  tube  to  a  flask  containing  30  ml  of  0.1  N  HCl 
solution.  With  progressive  evolution  of  NHg,  the  HCl  in  tire  flask  was  used  up;  the  HCl  was  replenished  by  addition 
at  intervals  of  fresh  batches  of  30  ml  of  HCl  solution.  In  all,360  ml  (50%)  of  HCl  was  consumed.  When  saponifi¬ 
cation  was  complete,  the  solvents  were  distilled  off  in  vacuo,  and  15  ml  of  a  2:1  mixture  of  benzene  and  alcohol 
was  added  to  tire  residue.  An  azeotropic  mixture  of  water,  benzene  and  alcohol  was  distilled  off.  The  operation 
of  addition  of  15  ml  of  benzcne/alcohol  mixture  and  distillation  of  tire  azeotrope  was  performed  three  times  in 
all.  The  residue  was  stirred  with  chloroform  and  filtered.  The  product  (3.6  g,  42%)  was  crystallized  from  n- 
butyl  alcohol  to  give  needles  witlr  m.  p.  222-223*  (decornp.)  which  did  not  exhibit  a  depression  in  a  mixed 
melting  point  test  witlr  the  sodium  salt  (II)  obtained  in  prep.  2. 

The  chloroform  solution  w'as  evaporated  to  V5  of  its  original  volume  and  treated  with  hexane.  Amide  (IV) 
separated;  yield  1.8  g  (24.87o),  rn.  p.  98-100*.  No  depression  of  melting  point  in  admixture  with  tire  amide 
obtained  in  prep.  3a. 

The  filtrate  from  the  separated  amide  (IV)  was  treated  with  a  stream  of  dry  HBr.  The  resulting  precipitate 
(1.1  g)  was  crystallized  from  a  mixture  of  alcohol  and  hexane  (1  ;l)  to  give  a  substance  with  m.  p.  133-134*, 
not  giving  a  melting  point  depression  in  admixture  witlr  tire  hydrobromide  of  a-bromo-  3-niethylaminopropio- 
nitrile  [2J. 

c)  A  solution  of  0.7  g  of  KOH  in  5  nrl  of  water  was  mixed  with  25  ml  of  3%  H2O2.  To  the  mixture  was 
added  1  g  of  nitrile  (III)  and  tire  mass  was  kept  for  an  hour  at  20".  The  solution  was  then  filtered  and  evaporated 
in  vacuo.  Residual  water  was  removed  in  a  vacuum-desiccator  over  P20^.  The  solid  residue  was  boiled  witlr 
benzeire  and  filtered;  tire  filtrate  was  treated  with  hexane.  Yield  of  amide  0.35  g  (27.5%),  m.  p.  99-100*. 

SUMMARY 

1.  The  methyl  ester  and  tire  amide  of  N- methylethyleneiminocarboxylic  acid  were  synthesized. 


•  Analyses  were  made  in  tire  analytical  laboratory  of  the  Institute. 
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2.  The  saponification  of  the  methyl  ester  and  the  nitrile  of  N-metliylethylenelmlnocarboxyllc  acid  was 
studied.  It  was  sliown  tliat  alkaline  saponification  of  tlic  ester  gives  the  sodium  salt  of  N-methylethylenelmlno- 
carboxylic  acid,  while  saponification  of  the  nitrile  gives  tlie  sodium  salt  and  the  amide  of  Uie  same  acid. 

3,  Acidification  of  tlie  sodium  salt  of  N-nicthylcihylenelminocarboxyllc  acid  gives  a  water-soluble 
polymer. 
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INVESTIGATION  OF  BROMINATION  WITH  DIOXANE  DIBROMIDE 
I.  KINETICS  AND  MEQIANISM  OF  BROMINATION  WITH  DIOXANE  DIBROMIDE 

V.  S.  Karpinskii  and  V.  D.  Lyashcnko 
Leningrad  Chemlcopharmaceutical  Institute 

Translated  from:  Zhurnal  Obshchel  Kliirnii,  Vol.  30,  No.  1,  pp.  154-159,  January,  1960 
Original  article  submitted  December  30,  1958 

The  complex  compound  of  bromine  with  dioxane—  dioxane  dibromide  (DDIJ)  —  was  first  prepared  and 
described  by  A.  E.  Favorskli  [Ij  but  was  not  used  until  1950  [2]  for  bromination  of  aromatic  hydrocarbons,  phenols, 
aromatic  amines,  lieterocycllc  compounds  and  aliphatic  aldehydes  and  ketones.  In  contrast,  however,  to  tlte 
properties  of  oilier  brominating  agents  [2],  tlie  brominating  properties  of  DDB  have  not  been  tlte  subject  of  close 
investigation. 

With  the  objective  of  qualitative  characterization  of  bromination  with  DDB,  we  have  studied  tlte  kinetics 
of  bromination  of  three  plicnolic  ethers  in  benzene.  The  latter  substance  is  not  brominated  by  DDB  [2]  either  at 
room  temperature  or  on  heating,  so  that  it  can  be  used  as  a  medium  for  kinetic  investigation  of  the  bromination 
process.  The  stoichiometric  equation  of  tlie  investigated  reaction  has  tlie  form 
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Graphical  analysis  of  the  experimental  data  shows  that  the  reaction  is  tliird  order  for  equimolar  concentra¬ 
tions  of  reactants  (0.015  M)  (Fig.  l). 

The  velocity  constants  calculated  from  the  formula  for  trimolecular  reactions  are  distinguished  by  good 
constancy;  constancy  of  kj  is  not  observed  if  the  velocity  constants  are  calculated  from  the  formula  for  bimolecular 
reactions.  According  to  [5]  brominating  agents  can  be  arranged  in  tlie  following  sequence  of  activity  in  an  aqueous 
nicdlum:  BrOH  <  Dr2  <  BrCl  <  Br^. 

Ingold  [Gj  considers  that  the  specific  activity  of  brominating  agents  falls  in  the  following  sequence  during 
bromination  in  hydroxyl-containing  solvents; 

nr+  >  HrOHj^  >  Dr-Dr  >  DrOC.OGIIa  >  DrOH. 

According  to  the  current  electronic  theory  the  activity  of  a  halogcnating  agent  of  tlie  Br—  X  type  in 
processes  of  electrophilic  substitution  is  determined  by  tlie  degree  of  polarization  of  the  Br  — X  bond.  We  know 
tliat  tlie  bromine  atom  bond  in  tlie  DDB  molecule  is  more  polarized  ilian  in  the  bromine  molecule:  in  crystalline 
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DDB  ihe  distance  between  the  bromine  atoms  is  2.31  A|  In  the  bromine  molecule  it  is  2.28  A  [3],  Hence,  the 
bromlnating  activity  of  DDB  would  be  expected  to  stirpass  that  of  molecular  bromine. 


; - ry-  .  a)  initial  concentration  (In  M)i  x)  con- 

(a  -  x) 

centration  at  end  of  time  T  (in  M). 


This  Inference  Is  fully  borne  out  by  experimental  results,  in  these  experiments  an  excess  of  dloxane  did 
not  Influence  the  velocity  of  bromination  (Table  l).  The  rate  of  bromination  of  phenetole  with  excess  of  DDB 
Is  directly  proportional  to  the  square  of  Its  concentration,  while  the  rate  of  bromination  of  excess  of  phenetole 
Is  directly  proportional  to  the  first  power  of  the  phenetole  concentration  (Tables  2  and  3). 

TABLE  1 


Influence  of  Dloxane  on  tlie  Rate  of  Bromination  of  Isopropyl  Phenyl 
Ether  (Concentration  of  Isopropyl  Phenyl  Ether  and  Bromlnating 
Agent  0.015  M.  Temperature  25*) 


Bromlnating  agent 

Bromine 

DDB 

DDB 

DDB 

DDB 

Dloxane  concentration 
(in  M) 

0.1 

0.5 

2.5 

k 3  (liter**  mole" *•  min**) 

44.0 

57.0 

52.4 

56.0 

52.0 

Bromination  of  phenol  etliers  by  DDB  is  a  process  of  electrophilic  substitution  of  hydrogen  in  the  benzene 
ting  by  bromine.  Its  trlmolecular  mechanism  Is  evidently  due  to  the  poor  donor  activity  of  the  rr -carbon  of  the 
nucleus.  This  activity  is  enhanced  by  the  protonlzlng  Influence  of  another  molecule  of  DDB  and  the  process  then 
proceeds  via  the  intermediate  complex  (l).  The  rate  of  die  process  In  presence  of  dloxane  hydrobromide  Is  In 
complete  harmony  with  this  mechanism;  a  large  excess  of  tiie  lower  reduces  tlie  reaction  to  second  order  due  to 
formation  of  intermediate  complex  (II). 
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TABLE  2 


TABLE  3 


Broininatlon  of  Pheneiole  with  Excess 
of  DDB 


Bromination  of  Excess  of  Phenetole 
with  DDB 


a  1 

^0.2 

h. 

0.010 

1G2 

1/1.9 

0.015 

78 

1/4.9 

0.020 

/.I 

15.0 

0.025 

27 

l/..f) 

0.030 

18 

1/1.8 

Note,  a)  DDB  concentration  (in  M)i 
phenetole  concentration  0.01  M; 

Tj_2  the  period  during  which  20% 
of  tlie  phenetole  reacted;  DDB  con¬ 
sumption  is  20%  of  Uiat  tlteoretically 
needed  for  preparation  of  mono- 
bromophenetole. 


b  1 

7’o.25 

ki 

0.010 

232 

14.9 

0.015 

152 

14.7 

0.020 

117 

15.2 

0.030 

78 

15.0 

Note.  DDB  concentration  0.01  M; 
b)  phenetole  concentration  (in  M); 
DDB  consumption  is  25%  of  the 
starting  concentration;  T  o  25  is 
period  during  which  25%  of  tlie  DDB 
reacted  (In  min). 


TABLE  4 


Bromination  of  Phenetole  with  Dio.xane  Hydrobromide 


Molar  concentration  of  dioxane  hydro- 

0.0176 

0.0S8 

0.176 

bromide  at  start  of  reaction 

- 

Molar  concentration  of  DDB 

0.015 

0.015 

0.015 

0.015 

Molar  concentration  of  phenetole 
k2  (liter  •  molc"^.  min'i) 

0.015 

0.015 

0.015 

0.015 

11.2  ♦ 

42.4 

90.0 

137.6 

•  The  velocity  constant  rises  if  second  order  is  assumed  in  the  calculation;  hence  the 
mean  value  of  k2  is  taken  for  comparison. 

Consequently,  the  reaction  in  question  is  third  order,  and  it  is  expressed  by  the  kinetic  equation 

%  —  {a~-xY{b  —  x) 

where  a  is  tlie  initial  concentration  of  DDB  (in  moles),  b  is  the  initial  concentration  of  phenolic  ether  (in 
moles),  T  is  the  duration  from  start  of  experiment,  x  is  the  consumption  of  each  reactant  up  to  time  T  (in 
moles),  ks  is  the  velocity  constant  of  the  reaction  (liter  mole  “*•  min"^). 

In  presence  of  dioxane  hydrobromide  tlie  velocity  constant  increases,  but  tlie  previously  third  order  reaction 
becomes  one  of  second  order  (see  Table  4  and  Fig.  2). 

EXPERIMENTAL 

The  following  reagents  were  used;  benzene  pure  for  analysis  and  chemically  pure  were  treated  wltli  bromine 
for  removal  of  impurities  capable  of  absorbing  bromine.  After  removal  of  the  bromine  with  sodium  bisulfate,  tlie 
benzene  w^as  w'ashed  with  water,  dried  witli  alkali  and  distilled  twice  over  metallic  sodium  tlirough  a  0.5  meter 
column  (b.  p.  80");  dioxane,  pure  grade  free  of  peroxides,  was  dried  witli  solid  sodium  hydroxide  and  metallic 
sodium  and  distilled  over  metallic  sodium  (b.  p.  101*);  bromine,  chemically  pure  grade  free  of  iodine,  was 
further  purified  by  tlie  literature  method  [4];  dioxane  dibromide  was  prepared  by  mixing  dioxane  with  bromine 
and  filtering  tlie  resulting  crystals  from  excess  of  dioxane  on  a  glass  funnel  fitted  with  a  glass  filter  dise  (m.  p. 
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G4-65*)j  phenolic  ethers  were  prepared  from  sodium  phenatc  and  the  appropriate  alkyl  halide.  The  reaction 
medium  was  die  alcohol  corresponding  to  the  alkyl  halide  used.  Tlie  resulting  etliers  were  purified,  dried  and 

distilled  first  at  normal  pressure  and  then  in  vacuot 
they  were  then  stored  in  scaled  ampoules.  Boiling  points: 
anisole  154-155*,  phenetole  170-171*,  isopropyl  phenyl 
ether  176-177*. 


Method  of  measiuement  and  experimental  procedure 
Reaction  rates  were  determined  from  the  bromine  con¬ 
sumption  as  estimated  by  iodometric  titration.  Experi¬ 
ments  were  run  in  the  dark  to  exclude  reactions  of  a 
radical  character;  thermostating  was  accurate  to  within 
0.1*.  Solutions  of  the  ethers  were  prepared  by  dissolving 
weighed  samples  (weighing  accurate  to  0.001  g)  in  a 
measuring  flask.  In  all  cases,  the  solvent  was  benzene 
purified  as  above.  Solutions  of  DDB  and  bromine  were 
prepared  by  dissolving  a  roughly  weighed  quantity  in 
benzene  and  tlien  diluting  the  benzene  to  the  required 
concentration;  the  exact  concentration  was  determined 
by  titration  by  the  above  method.  Reactants  were  mixed  at  the  temperature  of  the  experiment.  Brominating 
solution  was  added  last  in  the  absence  of  direct  illumination.  Tlie  resulting  mixture  was  thoroughly  stlned  and 
a  sample  was  withdrawn  with  a  10  ml  pipet  for  determination  of  the  active  bromine. 

Tlie  start  of  an  experiment  was  uken  as  the  Instant  of  addition  of  the  brominating  agent.  The  error  in 
timing  was  0.1  min.  The  titration  error  did  not  exceed  0.1  ml. 

The  solution  of  bromine  and  DDB  in  benzene  was  stable  for  several  days  under  the  experimental  conditions. 

The  results  of  the  experiments  are  set  forth  in  Tables  5-8. 


T  for  various  starting  concentrations  of  dloxane 
hydrobromide.  Starting  molar  concentrations 
of  dloxane  hydrobromide;  l)  0.176;  2)  0.088; 
3)  0.0176. 


TABLE  5 

Influence  of  Dioxane  on  the  Process  of  Brominatlon  of  Isopropyl  Phenyl  Ether 


Bromine  0.015 

DDB  0.015 

DDB  0.015 

DDB 

0.015 

DDB  0.015 

D  0.000 

D  0.000 

D  0.1 

D  0.5 

D 

2.5 

T 

A 

r 

A 

T 

A 

T 

A 

T 

A 

0.0 

27.1 

2.6 

26.2 

1.7 

27.25 

2.1 

29.25 

2.0 

30.5 

4.7 

25.8 

7.0 

27.1 

6.7 

25.4 

8.0 

27.7 

7.2 

28.95 

19.3 

22..55 

17.0 

25.0 

16.3 

23.5 

15.6 

25.4 

17.0 

26.75 

28.6 

22.0 

31.8 

22.3 

30.0 

21.05 

35.6 

22.05 

29.3 

24.2 

34.1 

21.65 

46.6 

20.4 

42.8 

19.7 

52.7 

19.9 

49.0 

21.0 

50.0 

19.75 

61.8 

18.7 

57.6 

18.,55 

67.1 

18.4 

61.2 

19.8 

60.8 

18.75 

93.4 

16.3 

74.5 

1 7.35 

79.8 

17.35 

77.3 

18.5 

94.0 

16.95 

121.5 

14.8 

89.9 

16.35 

90.2 

16.7 

97.3 

17.2 

118.5 

15.7 

121.5 

15.7 

Note.  The  dioxane  concentration  was  varied  from  0  to  2.5  molar  with  a  constant 
molar  concentration  of  DDB  or  bromine  and  ether  of  0.015. 
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Influence  of  Excess  of  Dioxane  Dibromide  on  the  Process  of  Brominatlon  of  Phenetole 


DDB  tt.olO 

DDBo.oin)  I 

DDB  o.(»25 

DDB  0.(t30 

r 

A 

T 

A 

r 

A 

r 

A 

3.2 

29.5 

2.4 

.39.7 

2.4 

47.9 

2.8 

58.8 

28.1 

12.7 

38.4 

11.7 

40.3 

11.1 

50.1 

r>.5.2 

2li.5 

27.2 

30.75 

21.3 

4  1.85 

19.5 

54.3 

110.5 

24.5 

02.4 

33.95 

30.0 

43.05 

34.3 

52.2 

lltl.S 

24.3 

91.0 

32.00 

00.1 

40.4 

03.0 

48.05 

151.7 

23.3 

121.1 

30.(i 

90.2 

37.05 

92.7 

46.0 

180.0 

22.3 

150.5 

28.95 

121.1 

.35.9 

122.3 

43.9 

2011.0 

21.75 

180.4 

27.7 

150.5 

.34.4 

179.4 

40.95 

238.7 

21.15 

300.2 

21.1 

180.0 

32.9 

299.1 

36.3 

Note.  Constant  phenetole  concentration  =0.01molar)|  the  starting  concentration  of 
DDB  varied  between  0.01  and  0.03  molar. 


TABLE  7 


Influence  of  Excess  of  Plicnetole  on  the  Process  of  Its  Bromination 


E  11.01 

E  0.015 

E  0.02 

E  0.03 

T 

A 

T 

A 

T 

A 

T 

A 

2.4 

20.6 

3.2 

20.5 

2.9 

20.4 

3.0 

19.7 

14.6 

19.65 

0.9 

20.2 

10.1 

19.45 

6.7 

19.2 

28.7 

19.3 

17.8 

19.8 

30.9 

18.9 

17.7 

18.3 

60.0 

18.5 

.37.8 

19.1 

01.9 

17.4 

28.1 

17.7 

89.0 

17.75 

04.5 

18.1 

89.0 

16.4 

48.9 

16.7 

119.6 

17.25 

94.3 

17.25 

1 1 9.3 

1.5.4 

88.2 

14.5 

179.1 

16.2 

12.3.5 

10.2 

151.1 

14.5 

126.0 

13.0 

240.0 

1.5.3 

182.9 

1 5.0 

180.0 

13.8 

164.0 

11.8 

294.0 

14.1 

243.0 

13.8 

219.0 

12.7 

258.0 

10.2 

Note.  Constant  starting  DDB  concentration  of  0.01  molarj  the  phenetole  concentration 
ranged  from  0.01  to  0.03  molar. 


Symbols  used  In  tlie  tables.  E  is  the  molar  concentration  of  tlie  etlier;  D  is  the  molar  concentration 
of  dioxancj  T  is  the  time  elapsed  since  start  of  experiment  (in  min)}  A  is  tlie  consumption  of  0.01  N 
tliiosulfatc  solution  (in  ml)  per  10  ml  of  reaction  mixture}  HB  is  the  molar  concentration  of  hydrogen  bromide 
at  tlie  start  of  reaction.  All  experiments  were  run  at  25*. 


TABLE  8 


Influence  of  Hydrogen  Bromide  on  the  Process  of  Bromlnaiion  of  Phenetole 


HI3  o.iKHXJ 

HBu.'UVr. 

HB  0.088 

HB  0.t76 

T 

A 

T 

A 

T 

A 

T 

A 

2.3 

27.1 

2.7 

28.35 

2.4 

28.65 

2.2 

27.7 

1.5.9 

25.9 

17.7 

25.6 

8.1 

26.4 

6.6 

25..55 

;!H.6 

2'i.(» 

31.7 

23.3 

20.0 

22.9 

14.9 

21.8 

4S.U 

2,3.9 

43.1 

22.25 

34.4 

19.5 

31.0 

17.1 

58.2 

23.2 

.59.6 

20.65 

45.2 

17.8 

48.1 

14.1 

78.1 

22.45 

73.4 

!9.45 

75.7 

14.1 

68.3 

11.8 

91.0 

21.75 

91.4 

18.05 

93.6 

12.8 

90.5 

10.2 

105.2 

21.2 

116.9 

16.65 

106.1 

12.0 

108.8 

9.0 

121.3 

20.5 

150.3 

14.8 

122.8 

11.25 

120.3 

8.4 

Note.  Concentrations  of  phenetole  and  DDB  0.015  molari  starting  concentration  of  HB 
from  0  to  0.176  molar.* 


•  Due  to  tile  poor  solubility  of  hydrogen  bromide  in  benzene  at  25*,  it  was  used  In 
dioxane  solution. 


SUMMARY 

1.  The  bromlnatlon  process  is  a  third- order  reaction  and  its  rate  is  proportional  to  the  square  of  the  dioxane 
dlbromide  concentration  and  to  tlie  first  power  of  the  ether  concentration. 

2.  Hydrogen  bromide  speeds  up  the  process  due  to  its  protonizing  influence  on  die  hydrogen  of  the  benzene 

ring. 

3.  The  brominating  activity  of  dioxane  dibromide  slightly  surpasses  that  of  bromine;  this  superiority  is 
fully  accounted  for  by  die  distance  between  the  bromine  atoms  in  the  molecule  of  dioxane  dlbromide  being 
dightly  larger  dian  the  Interatomic  distance  in  die  bromine  molecule  (different  degree  of  polarization). 
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It  is  known  tliat  carbon  —  carbon  double  bonds  react  energetically  with  various  electrophilic  reagents. 

Olefins,  for  example,  combine  with  facility  witli  strong  acids  and  with  salts  of  a  series  of  heavy  metals. 

Tropylium  salts,  whicli  are  electrophilic  reagents  [1],  might  be  expected  to  add  on  in  similar  fashion  to 
double-bond  compounds.  However,  the  majority  of  compounds  containing  isolated  or  conjugated  carbon-carbon 
double  bonds  (for  example  cycloheptatriene,  methylcyclohexene)  do  not  react  with  tropylium  salts  in  tlie  absence 
of  catalysts.  Similarly,  tropylium  salts  do  not  react  witli  olefins  containing  electron-accepting  substituents 
(cinnamic  acid,  acrylic  acid,  acrylonitrile,  allyl  chloride).  On  the  otlier  hand,  vinyl  ethers  react  vigorously  with 
tropylium  salts  [f?].  The  high  reactivity  of  tire  double  bond  of  vinyl  ethers  is  due  to  die  influence  of  die  electron- 
donating  edier  group. 


X  =  er,ClOH,  R  =  CiH,  ,  iso  •C3H,,C^H9,OCOCH, 


Reaction  of  tropylium  salts  in  water  or  aqueous  alcohol  with  vinyl  ethyl,  vinyl  isopropyl  and  vinyl  n-butyl 
ediers  and  witli  vinyl  acetate  gives  one  and  die  same  product  —  cycloheptatrienylacetaldehyde,  irrespective  of 
the  nature  of  the  alkyl  radical  of  the  vinyl  edier  and  of  the  character  of  the  anion  of  the  tropylium  salt. 

Tropylium  bromide  similarly  reacts  widi  0 ,6 -dimethylvinyl  ediyl  ether. 


Br" 


CHj,  p. 

+  7C  =  CHi-0C.H, 
CH, 


H,0 


+  C^HjOH  +  HBr 


However,  die  latter  reaction  proceeds  very  much  more  slowly  and  with  poorer  yields  than  the  reaction  of 
tropylium  salts  with  unsubstitiited  vinyl  ethers. 

Reaction  of  tropylium  bromide  with  vinyl  ethyl  ether  in  anhydrous  niiromediane  leads  to  formation  not  of 
an  aldehyde  but  of  a  bromine- containing  substance.  The  latter  is  extremely  unstable  and  decomposes  on 
distillation.  It  could  not  be  isolated  pure;  it  is  probably  an  a-bromoether. 


/Hr 

C;H/15r--|-GH2^CHOC2H5  — »  C7H,CH2CH< 

^OC2Hr, 


When  tills  reaction  is  performed  in  anhydrous  alcohol,  an  accul  is  formed  together  with  the  bromo  product. 


C7H;+r.r--f-(:il2--CIIOC2ll:,  i  ColI  .Oll  -->  Cjll^CIloCllfOCall  .li-i- llllr. 

Separation  of  the  acetal  is  hindered,  however,  by  liie  presence  of  tlie  acid. 

With  the  objective  of  obtaining  acetals  in  tlie  pure  form,  an  attempt  was  made  to  react  vinyl  ethers  with 
ditropyl  etlier  (C7M7)20,  i.e.,  under  conditions  excluding  formation  of  an  acid.  In  spite  of  the  lability  of  the 
etiier  bond  in  ditropyl  ether,  this  reaction  does  not  go  eiiiier  in  the  cold  or  on  heating.  But  introduction  of  even 
catalytic  quantities  of  a  tropylium  salt  (or  acid)  initiates  vigorous  reaction  of  the  ditropyl  edier  with  vinyl  ethers. 
In  anhydrous  alcohol  the  reaction  then  gives  a  good  yield  of  cycloheptatrlenylacetaldehyde;  the  reaction  with 
vinyl  butyl  ether  in  a  medium  of  anliydrous  n- butyl  alcohol  gives  tlie  di-n-butylacetal  of  cycloheptatrienyl- 
aceialdehyde;  tlie  reaction  wiili  vinyl  isopropyl  ether  in  anliydrous  isopropyl  alcohol  gives  the  diisopropylacetal 
of  cycloheptatrienylacetaldehyde.  In  all  these  cases,  an  ionic  chain  reaction  is  evidently  involved  in  which  the 
transmitter  of  the  chain  is  the  tropylium  cation. 

C7H7+  +  CH2=CH0R+  ROH  C7H7Cn2CH(OR)2+  -f- H* 

T  (C7n7)20  +  — >  C7II7+  -fy  HjO 

Consequently,  tropylium  salts  react  with  vinyl  ethers  and  do  not  react  with  olefins  containing  electron- 
accepting  groups,  while  ditropyl  ether  (in  absence  of  a  tropylium  salt)  does  not  even  enter  into  reaction  with 
vinyl  etliers.  All  tliis  indicates  that  the  mechanism  of  interaction  of  a  tropylium  salt  with  a  vinyl  ether  involves 
preliminary  action  of  the  C7H7''’  ion  on  the  double  bond.  We  may  suggest  that  an  intermediate  step  in  the  reaction 
is  formation  of  a  carbonium  ion  of  rite  type  of  (l)j  tiie  latter  in  hydroxyl-free  solvents  is  converted  to  the  bromo- 
etlrer  (II),  in  alcohol  it  is  converted  to  the  acetal  (III),  and  in  w'ater  to  the  aldehyde  (IV). 


EXPERIMENTAL 

Reaction  of  tropylium  bromide  with  vinyl  etliyl  ether.  A  solution  of  1.7  g  of  tropylium  bromide  in  10  ml 
of  water  was  shaken  for  15-20  minutes  witli  0.72  g  of  vinyl  ethyl  ether  and  then  extracted  with  ether.  The  ethereal 
extracts  were  washed  with  water  and  dried  with  MgSO^.  Removal  of  tlie  ethyl  ether  was  followed  by  collection  of 
a  fraction  with  b.  p.  63-67*  (2  mm),  n®D  1.5336.  Yield  0.77  g  (58*^0);  redistillation  gave  cycloheptatrienyl¬ 
acetaldehyde. 

B.  p.  62*  (2  mm),  n®D  1.5340,  d®^  1.0204,  MR  40.87;  Calc.  40.17.' 

Found ‘fo:  C  80.79,  80.63;  H  7.46,  7.48.  CjIluO.  Calculated  <70:  C  80.56;  H  7.51. 

The  2,4-dlnitrophenylhydrazone  of  cycloheptatrienylacetaldehyde  is  a  yellow  powder;  decomp.  p. 
above  190*  (from  nitromethane). 


•  In  all  cases  MR  was  calculated  wltliout  correction  for  the  7-membered  ring  and  the  double-bond  exaltation. 
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Dimedon  derivative;  colorless  needles,  m.  p.  146.5*  (from  alcohol). 

Found  <70:  C  75.90,  75.41j  H  8.14,  8.13.  CjsHgzO^.  Calculated  <70;  C  75.72;  H  8.13. 

Reactions  of  tropylltirn  bromide  and  perchlorate  with  vinyl  isopropyl  ether,  vinyl  butyl  ether  and  vinly 
acetate  were  carried  out  similarly  [2]. 

Reaction  of  tropylium  bromide  with  8  ,8 -dimethylvlnyl  ethyl  ether.  To  2  g  of  8 ,8 -dlmethylvlnyl  ethyl 
etlier  [3j  in  2  ml  of  alcohol  was  added  a  solution  of  1.71  g  of  tropylium  bromide  in  10  ml  of  water.  After  3  hours, 
the  solution  was  extracted  with  ether.  The  ethereal  extracts  were  washed  with  water  and  dried  wltli  MgS04.  After 
the  solvent  had  been  driven  off,  0.14  g  (8.6  %)  of  unpurified  cycloheptatricnylisobutyraldehyde  was  obtained. 

B.  p.  76-80*  (3  mm),  n^D  1.5201. 

Literature  data  [4];  b.  p.  74*  (3  mni),  n^D  1.5185. 

2,4-I3initropheiiylhydrazone:  m.  p.  150".  A  mixture  with  the  2,4-dinitrophenylhydrazone  of  cyclo 
heptatrienylisobutyraldchyde  obtained  by  reaction  of  a  tropylium  salt  with  isobutyraldehyde  [4]  did  not  give  a 
depression  of  melting  point. 

Reaction  of  ditropyl  etlier  with  vinyl  ethers.  1.  Diethylacetal  of  cycloheptatrienylacetaldehyde.  To  1  g 
of  ditropyl  ether  (b.  p.  119-120“  at  3  mm)  in  10  ml  of  anhydrous  alcohol  was  added  3  g  of  vinyl  ethyl  ether. 
Addition  of  a  few  milligrams  of  tropylium  bromide  was  followed  by  self-heating  of  tlie  solution,  and  after  15-20 
minutes  the  reaction  was  at  an  end.  For  elimination  of  traces  of  bromine- containing  product,  a  solution  of  sodium 
etlioxide  in  anhydrous  alcohol  was  added  until  the  mass  was  alkaline  to  phenolphthalein.  Several  milliliters  of 
benzene  were  then  added  to  the  solution  and  the  solvent  was  distilled  off.  There  was  obtained  1.5  g  of  diethylacetal 
of  cycloheptatrienylacetaldehyde  (72'7o)  with  b.  p.  102*  (5  mm),  n^D  1.4876. 

To  ditropyl  etlier  (without  previous  distillation),  prepared  by  treatment  of  3.8  g  of  tropylium  perchlorate 
wltli  sodium  bicarbonate  in  water  followed  by  extraction  witli  ether,  were  added  a  solution  of  1.5  g  of  vinyl  etliyl 
etlier  in  10  ml  of  anhydrous  alcohol  and  a  catalytic  quantity  of  tropylium  salt.  Reaction  was  completed  in  20  to 
25  minutes.  Treatment  of  the  reaction  solution  witli  a  little  sodium  ethoxide  in  alcohol  and  distillation  of  tlie 
solvent  gave  2.44  g  of  acetal  (66 ^  calculated  on  tlie  tropylium  perchlorate). 

B.  p.  92-93*  (2  mm),  n^D  1.4882,  d^^  0.9462,  MR  63.40;  Calc.  61.93. 

Found ‘7°:  C  74.41,  74.72;  H  9.62,  9.62.  CijHjoOj.  Calculated  <7o;  C  74.96;  H  9.68. 

2.  Dibutylacetal  of  cycloheptatrienylacetaldehyde.  The  above  procedure  w'as  employed  for  reaction  of 
ditropyi  ether  (ftom  4  g  of  tropylium  perchlorate)  and  1  g  of  vinyl  butyl  etlier  in  5  ml  of  anhydrous  butyl  alcohol 
In  presence  of  tropylium  salt  to  give  3.96  g  of  acetal  (75'7o  calculated  on  die  tropylium  perchlorate). 

B.  p.  130*  (3  mm),  n^D  1.4806,  d^^  0.8188,  MR  81.83;  Calc.  80.39. 

Found ‘7o:  C  77.14,  77.31;  H  10.77,  10.79.  Calculated  ®/o:  C  77.22;  H  10.67. 

3.  _pHjopropy^acetal  of  cycloheptatrienylacetaldehyde.  Similarly,  reaction  of  2.85  g  of  ditropyl  ether 

in  presence  of  tropylium  salt  with  0.7  g  of  vinyl  isopropyl  edier  in  5  ml  of  anhydrous  isopropyl  alcohol  gave 
1.61  g  of  acetal  calculated  on  die  tropylium  perchlorate),  b.  p.  96-100"  (3  mm),  n^D  1.4856. 

Found  %:  C  76.12,  76.26;  H  9.71,  9.92.  Calculated^;  C  76.22;  H  10.23. 

SUMMARY 

1.  It  was  shown  diat  tropylium  salts  add  on  at  die  activated  double  bond  in  vinyl  ethers  with  facility  to 
give  die  corresponding  aldehydes.  Unactivated  double  bonds,  or  double  bonds  to  which  are  attached  electron- 
accepting  substituents,  do  not  combine  with  uopylium  salts. 

2.  In  presence  of  small  quantities  of  a  tropylium  salt  or  an  acid,  ditropyl  edier  adds  on  to  vinyl  ethers. 

In  diis  manner  diediyl-,  dibutyl  and  diisopropylacetals  of  cycloheptatrienylacetaldehyde  were  prepared. 
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Most  of  the  quinuclldine  derivatives  that  have  been  described  and  studied  pharmacologically  are  substituted 
in  the  2-posItion  and  v/ere  synthesized  mainly  from  die  available  quinuclldine- 2- carboxylic  acid  [1,  2]. 

Derivatives  of  quinuclidine  with  substituents  in  the  3-position  have  been  studied  in  less  detail.  In  this  series 
only  a  few  esters  and  urethanes  of  3-hydroxynuclidine  have  been  prepared  for  biological  investigation  [3,  4j. 

In  the  present  communication,  vre  describe  the  syntliesis  and  the  results  of  pharmacological  investigation  of 
a  series  of  esters  of  3-hydroxyquinuclidine  and  also  esters  of  3-()  -hydroxypropoxyjquinuclidine  and  3-(y-diio- 
propoxyjqiiinuclldine.  As  a  starting  material  for  the  synUiesis  of  these  compounds,  we  used  3-hydroxyquinuclidlne 
prepared  from  the  available  quinuclidone-3. 

Reduction  of  die  quinuclidone-3  to  3-hydroxyquinuclldine  was  accomplished  with  lithium  aluminum 
hydride  in  ether  solution  [5],  sodium  borohydride  in  methyl  alcohol  solution,  or  catalytically  in  the  presence  of 
platinum  (as  described  by  Adams)  at  room  temperature. 

3-Hydroxyquinuclidine  was  esterified  with  the  aid  of  die  acid  chlorides  in  benzene  or  chloroform  solution. 

In  most  cases,  the  reaction  in  chloroform  solution  proceeded  with  good  yields. 
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The  physical  properties  of  the  esters  (ll)  prepared  in  this  way  and  die  results  of  analyses  and  values  of  R 
are  given  in  the  table. 

By  reduction  of  3- (p-nitrobenzoylo.\y)  quinuclidine  in  die  presence  of  Raney  nickel  catalyst,  3-(p-amino- 
benzoyloxy)  quinuclidine  was  syndiesized,  and  by  reduction  in  die  presence  of  platinum, 3- (p-aminocyclo- 
hexanoyloxy)  quinuclidine  was  obtained;  hydrogenation  of  the  ester  of  3-hydroxyquinuclIdine  and  cinnamic  acid 
yielded  3-(i3 -phenylpropionoxy)  quinuclidine. 

The  syntheses  of  3-(  }-hydroxypropoxy)  quinuclidine,  3- (y -thiopropoxy)- quinuclidine,  and  their  esters 
were  carried  out  by  the  method  described  below. 

When  3-hydroxy  quinuclldine  v/as  reacted  widi  acrylonitrile  in  die  presence  of  a  catalyst  (30%  potassium 
hydroxide  solution  in  mediyl  alcohol),  3-(B-cyanoethoxy)quinuclidine  (III)  was  produced.  This  compound  was 
easily  reduced  with  the  aid  of  lidiium  aluminum  hydride  to  3-(y  -aminopropoxy) quinuclidine  (X). 

Conversion  of  compound  (111)  to  3-(B  -carboetlioxycthoxy )  quinuclidine  (IV)  was  possible  in  diree  ways: 
a)  by  prolonged  heating  of  the  nitrile  (Ill)  wldi  anhydrous  alcohol  and  concentrated  sulfuric  acid;  b)  by 
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hydrolysis  of  the  nitrile  (111)  to  3-(fl -carboxyetliyloxy)  qulmiclidine  with  subsequent  esterification  of  the  acldj 
c)  by  passing  a  current  of  dry  hydrogen  cliloride  into  a  boiling  solution  of  the  nitrile  (111)  In  anhydrous  alcohol. 
The  yield  of  the  ester  (IV)  in  all  these  tnodificatlons  was  about  60-75'7<’J  however,  "c"  was  preferable,  because 
in  that  case,  the  reaction  went  considerably  more  quickly  and  the  ester  (IV)  obtained  was  not  contaminated  with 
tlie  starting  nitrile  (HI),  which  was  observed  wlien  tlie  synthesis  was  carried  out  by  method  "a". 
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(VI)  and  (IX):  a)  R=CH3  .  b)  R=C6H5;  c)  R=N02C6H4;  d)  R=(C^Hs)2CH 

In  accordance  with  the  above  schematic  diagram,  3-(fl-carboethoxyethoxy)  quinuclldine  (IV)  was  reduced 
with  lithium  aluminum  hydride  to  3-(y  -hydroxypropoxy)  quinuclidine  (V).  Upon  heating  the  alcohol  (V)  with 
the  acid  chlorides  in  benzene  solution,  the  esters  (VI)  were  obtained. 

To  prepare  3-(y-mercaptopropoxy)  quinuclidine  (VIII),  the  hydroxy  group  in  compound  (V)  was  replaced 
by  chlorine  by  heating  (V)  witlt  thionyl  chloride.  The  3- (y -chloropropoxy) quinuclidine  (VII)  obtained  was  con¬ 
verted  to  3- (y -mercaptopropoxy)  quinuclidine  (VIII)  by  reaction  with  thiourea  and  then  with  alkali.  The  thio- 
esters  (IX)  were  synthesized  by  reacting  the  mercaptan  (VIII)  with  the  acid  chlorides.  The  reaction  was  carried 
out  in  ether  at  room  temperature. 

Besides  converting  the  chloride  (VII)  to  the  mercaptan  (VIII),  the  possibility  of  replacing  chlorine  in 
compound  (VIl)  by  a  dialkylamino  group  was  Investigated.  For  this  purpose,  the  chloride  (VIl)  was  subjected  to 
heating  with  piperidine,  morpholine,  and  diethylamine.  In  the  first  two  instances  the  corresponding  3-[y-(N- 
piperidino)  propoxyj  quinuclidine  (XI)  and  2-[y-(N-morphollno)propoxy]  quinuclldine  (XII)  were  obtained. 
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But  along  with  compounds  (XI)  and  (XII),  the  formation  of  a  material  that  appeared  to  be  a  polymer  of  the 
chloride  (Vll)  was  observed  in  the  reaction  of  tlie  chloride  with  piperidine  and  morpholine.  This  material  was 
the  sole  product  from  the  reaction  of  (VII)  with  diethylamine. 

In  a  pharmacological  investigation  of  tlte  materials  prepared,  which  was  carried  out  in  the  division  of 
pharmacology  of  our  institute,  by  K.  A.  Zaitseva  under  tlie  direction  of  M.  D,  Mashkovskil,  it  was  found  that 
some  esters  of  3-hydroxynuclidine  are  very  active  pliarmacologically.  Thus,  3- acetoxy quinuclldine  has  a  very 
strong  cholinomimetic  action,  wiUi  its  activity  approaching  that  of  proserine;  3- benzoyloxy quinuclldine  showed 
a  significant  hypotensive  effect  in  an  experiment. 
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EXPERIMENTAL 


3-Hydroxyquiiiuclidlne  (I),  a)  To  a  solution  of  10  g  of  sodium  borohydrlde  in  70  ml  of  methyl  alcohol 
was  added  with  stirring  a  solution  of  10  g  of  qulnuclidone- 3  In  30  ml  of  methyl  alcoliol.  The  reaction  mixture 
was  stirred  at  room  temperature  for  3  hours,  then  the  alcohol  was  distilled  off  in  vacuo,  and  the  3-hydtoxy- 
quinuclidine  was  extracted  from  tlie  residue  witli  hot  benzene.  The  benzene  solution  was  dried  with  sodium 
sulfate  and  evaporated,  yielding  7.8  g  (70,8*70)  of  3-hydtoxyquinucIidine.  M,  p.  218-  220*  [5], 

b)  A  mixture  of  20  g  of  quinuclidone-3,  200  ml  of  anhydrous  alcohol,  and  0.3  g  of  platinic  oxide  (Adams) 
was  shaken  with  hydrogen  at  room  temperature  and  a  hydrogen  pressure  of  20-30  cm  of  water.  After  1  mole  of 
hydrogen  had  been  absorbed,  the  platinum  black  was  filtered  off,  tlie  alcoholic  solution  was  evaporated  in  vacuo, 
tlie  residue  was  ground  with  ether,  and  tlie  3-hydroxyquinuclldine  was  filtered  by  suction.  Yield  19.4  g  (95.5*70)1 
m.  p.  218-220*. 

3- Acetoxvquinuclidine.  Two  g  of  3-hydroxyquinuclidine,  4  ml  of  acetyl  chloride,  and  20  ml  of  benzene 
were  heated  at  boiling  for  9  hours.  The  benzene  solution  was  treated  with  20  ml  of  bO^o  potassium  carbonate 
solution,  the  benzene  was  separated  off,  and  the  alkaline  solution  was  extracted  with  ether.  The  combined  ether 
and  benzene  extracts  were  dried  witli  potassium  carbonate,  the  solvents  were  distilled  off,  and  tlie  residue  was 
distilled  in  vacuo.  The  yield  was  1.8  g  (67.7'7o)  of  3-acetoxyquinuclidine.  It  was  a  colorless,  mobile  liquid, 
readily  soluble  In  organic  solvents,  but  poorly  soluble  in  water.  B.  p.  73-74°  (0.4  mm). 

3-Phenoxjacetoxjquinuclidine.  A  solution  of  3  g  of  3-hydroxyquinuclidine  in  15  ml  of  anhydrous  chloro¬ 
form  and  8.06  g  of  phenoxyacetyl  chloride  in  15  ml  of  chloroform  were  mixed  at  0°  and  left  at  room  temperature 
for  24  hours.  Then  tlie  mi.xture  was  boiled  for  18  hours,  evaporated  in  vacuo,  and  the  residue  was  dissolved  in 
20  ml  of  37<>  hydrochloric  acid  and  exuacted  with  ether  to  remove  the  neutral  substances.  The  hydrochloric  acid 
solution  was  treated  witli  a  50'7o  solution  of  potassium  carbonate,  extracted  witli  etiier,  and  the  etlier  extract  was 
dried  witli  potassium  carbonate,  evaporated  in  vacuo,  and  the  residue  was  distilled.  The  yield  was  5.5  g  (89*70) 
of  3-phenoxyacetoxyquiniiclidine. 

A  hydrochloride  was  obtained  with  m.  p.  165-167*  (from  a  mixture  of  acetone  and  alcohol).  The  esters 
shown  in  the  table  were  prepared  in  a  similar  manner. 

3-(p-Aminobenzoyloxy)quinuclidine.  To  a  solution  of  2.1  g  of  3-(p-nitrobenzoyloxy)  quinuclidine  in 
60  ml  of  anhydrous  alcohol  was  added  2  g  of  nickel  catalyst,  and  tlie  mixture  was  shaken  witli  hydrogen  at  room 
temperature.  The  necessary  amount  of  hydrogen  (570  ml)  was  absorbed  In  1.5  hours.  The  catalyst  was  filtered 
off,  tlie  alcohol  was  distilled  off  in  vacuo,  and  tlie  oily  residue  was  crystallized  by  grinding  with  ether.  The  yield 
was  1.3  g  (69.5*70)  of  3-(p-aminobenzoyloxy)  quinuclidine  in  the  form  of  colorless  crystals,  readily  soluble  in 
alcohol,  acetone,  and  chloroform,  and  more  difficultly  soluble  in  benzene  and  etlier.  M.  p.  137-139*  (from 
benzene). 

Found  7o:  C  68.52;  H  7.58;  N  11.20.  Ci^HigOzNj.  Calculated '7o;  C  68.29;  H  7.32;  N  11.38. 

3-(p-Aminocyclohexanoyloxy)  quinuclidine.  3.05  g  of  3-(p-nitrobenzoyloxy)  quinuclidine,  50  ml  of 
anhydrous  alcohol,  2  ml  of  20'7o  alcoholic  solution  of  hydrogen  chloride,  and  0.1  g  of  platinic  oxide  were  shaken 
with  hydrogen  at  room  temperature  and  a  pressure  of  20-30  cm  of  water.  After  the  absorption  of  hydrogen  ceased 
(1460  nil),  5  ml  of  water  was  added  to  the  reaction  mixture,  the  platinum  black  was  filtered  off,  the  alcoliol  was 
distilled  off  in  vacuo,  and  tlie  residue  was  treated  witli  a  50  ’/<>  solution  of  potassium  carbonate  and  extracted  with 
etlier.  The  ether  solution  was  dried  with  potassium  carbonate  and  evaporated  in  vacuo,  and  the  material  obtained 
was  distilled.  The  yield  was  2.1  g  iSb.b^/c),  b.  p.  159-161*  (0.3  mm).  Colorless  viscous  liquid,  readily  soluble 
In  organic  solvents,  poorly  soluble  in  water. 

Found  *70:  C  66.50;  H  9.56.  Calculated  *70:  C  66.66;  H  9.53. 

3- (6 -Phenylproplonoxy)  quinuclidine.  3  g  of  tlie  hydrochloride  of  the  ester  of  3-hydroxyquinuclidine  and 
cinnamic  acid,  80  ml  of  anhydrous  alcohol,  and  0.1  g  of  platinic  oxide  were  shaken  with  hydrogen  at  room 
temperature.  After  1  mole  of  hydrogen  had  been  absorbed,  the  platinum  black  was  filtered  off  and  die  alcohol 
was  evaporated  in  vacuo.  The  yield  amounted  to  2.8  g  (93.2*7*’)  of  die  hydrochloride  of  3-(B -phenylpropionoxy)- 
qulnuclidine.  Colorless  crystals,  readily  soluble  in  water  and  alcohol,  insoluble  in  edier.  M.  p.  138-140°. 
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Esters  of  3-(y -Hydroxypropoxy)  qulnucUdine 
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Analytical  data  for  sulfur. 

Melting  point  of  base. 

•  Crystallizes  with  1  molecule  of  water. 

*  *  Melting  point  and  analysis  given  for  dihydrochloride. 


Found  N  4.80,  4.58j  Cl  12.11,  11.91.  CigH^OjN -HCl.  Calculated  ^yo:  N  4.76*  Cl  12.01. 

3-(fl-C)’anoetlioxy)quliiuclidlne  (111).  To  a  suspension  of  20  g  of  3-hydroxyqulnuclidlne  in  100  ml  of 
anhydrous  dioxaiie  was  added  3.2  ml  of  a  30^o  solution  of  potassium  hydroxide  in  methyl  alcohol,  and  then 
32  ml  of  acrylonitrile  was  added  with  stirring  over  a  period  of  15  minutes.  During  tliis  process,  the  temperature 
of  the  mixture  rose  to  30-33*.  The  reaction  mixture  was  heated  for  4  hours  at  60-65*,  cooled  to  room  temperature, 
and  diluted  with  100  ml  of  benzene.  The  acryloniuile  polymer  tliat  separated  out  was  filtered  off  and  tlie  mother 
liquor  was  evaporated  in  vacuo.  The  residue  was  dissolved  in  40  ml  of  10 ^/o  hydrochloric  acid,  the  acid  solution 
was  extracted  with  etlier  to  remove  the  neutral  substances,  then  made  alkaline  witli  50*^0  potassium  carbonate 
solution  and  again  extracted  with  ether.  The  etlier  solution  obuined  by  extraction  of  tlie  alkaline  mixture  was 
dried  with  potassium  carbonate  and  evaporated  In  vacuo,  and  tlie  residue  was  distilled.  The  yield  was  21.6  g 
(76.3*70)  of  3-(5 -cyanoethoxy)  qulnuclidine  in  the  form  of  a  colorless  viscous  liquid,  readily  soluble  in  organic 
solvents,  poorly  soluble  in  water.  B.  p.  114-115*  (0.5  mm),  n^’D  1.4903. 

Found  <7o:  C  66.20,  66.39;  H  9.14,  9.02;  N  15.76,  15.81.  CioHigONj.  Calculated  *7o:  C  66.67; 

H  8.89;  N  15.55. 

3-  (S  -Carbcetltoxyetltoxy)quinuclidine  (IV).  a)  1.35  g  of  3-(S -cyanoethoxy)  quinuclidine,  4  ml  of  anhydrous 
alcohol,  and  2  g  of  concentrated  sulfuric  acid  were  heated  at  boiling  for  18  hours.  The  reaction  mixture  was 
poured,  with  cooling,  into  7  ml  of  water,  12  ml  of  50*7o  potassium  carbonate  solution  was  added  to  the  acid 
solution,  and  the  resulting  alkaline  solution  was  extracted  with  ether.  The  ether  extract  was  dried  with  potassium 
carbonate  and  evaporated  in  vacuo,  and  the  residue  was  distilled.  The  yield  was  1.22  g  (70.5*70)  of  3-(0-carbo- 
etlioxyetlioxy)  quinuclidine  in  the  form  of  a  colorless  viscous  liquid,  readily  soluble  in  water  and  organic  solvents. 
B.  p.  116-117*  (0.6  mm),  n^^D  1.4740. 

Found  *70:  C  62.95;  H  9.07;  N  6.09.  CijHaOgN.  Calculated  *70;  C  63.47;  H  9.24;  N  6.17. 

b)  18.46  g  of  3-(fl -cyanoethoxy)qulnuclidine,  3G0  ml  of  glacial  acetic  acid,  and  180  ml  of  concentrated 
Itydrochlorlc  acid  were  heated  at  boiling  for  20  hours.  The  solution  was  evaporated  on  a  steam  batli.  The  residue, 
which  was  a  mixture  of  Uic  hydrochloride  of  3-(fl -carboxyctlio.xy)quinuclidine  and  ammonium  chloride,  was 
transferred  to  a  flask  and  dried  by  adding  anhydrous  alcohol  and  subsequently  distilling  it  off  in  vacuo.  This 
operation  was  repeated  3-4  times.  Then  150  ml  of  a  127o  alcoholic  solution  of  hydrogen  chloride  was  added  to 
tlie  reaction  mixture  and  it  was  heated  at  tlie  boiling  point  of  the  alcohol  for  3  hours.  The  alcoholic  solution 
was  evaporated  in  vacuo  and  the  residue  was  treated  witli  a  50*70  solution  of  potassium  carbonate  and  extracted 
with  etlier.  The  dried  ether  solution  was  evaporated  and  the  residue  was  distilled.  The  yield  was  17.2  g  (73.8*70) 
of  3- (S-carboetlioxyethoxy)  quinuclidine.  B.  p.  116-117“  (0.6  mm),  n^^D  1.4740. 

c)  21.6  g  of  3- (0-cyanoetlioxy)  quinuclidine  was  dissolved  in  105  ml  of  anhydrous  alcohol  and  a  current 
of  dry  hydrogen  chloride  was  passed  tlirough  the  alcoholic  solution  for  4  hours  while  the  solution  was  boiled  and 
stirred.  The  reaction  mixture  was  kept  for  20  hours  at  room  temperature,  the  ammonium  chloride  was  filtered 
off  with  suction,  the  alcohol  solution  was  evaporated  in  vacuo,  and  the  residue  was  treated  with  50*7o  potassium 
carbonate  solution  and  extracted  with  etlier.  The  yield  was  16.6  g  (60.8*7o)  of  3-(i3-carboethoxyethoxy)- 
qulnuclidine.  B.  p.  116-117“  (0.6  mm),  n^^D  1.4740. 

3- (y -  Aminopropoxy)quinuclidinc  (X).  To  a  suspension  of  0.53  g  of  lithium  aluminum  hydride  in  25  ml 
of  anhydrous  ether  was  added  with  stirring  a  solution  of  1  g  of  3-(0-cyanoetlioxy)quinuclldine  in  20  ml  of 
anliydrous  ether.  The  reaction  mixture  was  heated  for  5  hours  at  the  boiling  point  of  the  etlier,  cooled,  and 
treated  witli  1  ml  of  water.  The  inorganic  salts  were  filtered  off  with  suction  and  washed  with  ether,  and  the 
ether  extracts  were  dried  with  potassium  carbonate,  evaporated,  and  tlie  residue  was  distilled  in  vacuo.  The 
yield  was  0.65  g  (63.5  *7o)  of  3-(y-aminopropoxy)quinuclidine,  The  product  was  a  colorless  viscous  liquid, 
readily  soluble  in  water  and  organic  solvents.  B.  p.  111-112*  (0.5  mm),  n^^D  1.500. 

Found  Vo:  N  14.91,  14.86.  CjoHsoONj.  Calculated  <7o;  N  15.21. 

3-(y-Hydroxypropoxy) quinuclidine  (V).  11.38  g  of  3-(6-carboethoxyethoxy)quinuclldine  was  reduced  with 
2.9  g  of  lltlrium  aluminum  hydride  in  170  ml  of  ether  by  the  method  described  in  tire  previous  experiment.  The 
yield  was  8.83  g  (95*70)  of  3-(y  -hydroxypropoxy)qulnuclidine  in  the  form  of  a  viscous  colorless  liquid,  readily 
soluble  in  water  and  organic  solvents.  B.  p.  122-124*  (0.5  mm),  n^^D  1.4973. 
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Found  <70:  C  G4.ft7;  H  lO.CG.  Ci(,H„02N.  Calculated '7..;  C  G4.86;  H  10.28. 

S-Cy  -  Acefoxypropoxy)qiilniiclldliic  (Via).  To  a  solution  of  2.8G  g  of  3-(y -hydroxypropoxyOquliuiclidlne 
In  25  ml  of  anhydrous  benzene  was  added  2.42  p,  of  acetyl  chloride  and  tlie  mixture  was  heated  at  bollinj;  for 
8  hours.  To  the  cooled  solution  was  added  20  ml  of  50'’/o  potassium  c.arbonate  solution,  ilie  benzene  layer  was 
separated  off,  and  the  alkaline  solution  was  further  extracted  with  ether.  The  extracts  were  dried  with  potassium 
carbonate,  the  solvents  were  distilled  off,  and  the  residue  was  distilled  in  vacuo.  The  yield  was  2.7  g  (77.2‘7o) 
of  3-(y -acetoxypropoxy)qulnuclldlne.  The  product  was  a  colorless  mobile  liquid,  readily  soluble  in  organic 
solvents,  poorly  soluble  in  water.  B.  p.  117-118*  (0.5  mm). 

Found '7o:  C  G3.13j  H  9.39.  CizHjiOjN.  Calculated  <7o;  C  63.44*  H  9.24. 

The  hydrochloride  formed  colorless  hygroscopic  crystals,  m.  p.  95-100*. 

3-(y-Benzoyloxypropoxy)qulnuclidlne  (VIb).  2  g  of  3-(y -hydroxypropoxy)qulnuclldine,  3.04  g  of  benzoyl 
chloride,  and  20  ml  of  anliydrous  benzene  w'ere  heated  at  boiling  for  6  hours.  To  the  cooled  reaction  mixture 
was  added  10  ml  of  3'7o  hydrochloric  acid  and  the  acid  solution  was  extracted  with  benzene  to  remove  the  neutral 
substances.  Then  tlie  hydrochloric  acid  solution  was  treated  with  50%  potassium  carbonate  solution  and  extracted 
with  ether.  From  die  ether  solution  3  g  (95.6%)  of  3-(y-benzoyloxypropoxy)quinuclldlne  was  obtained  in  the 
form  of  a  colorless  mobile  liquid,  readily  soluble  in  organic  solvents,  insoluble  in  water.  B.  p.  163-164*  (0.3  mm). 

Found  %:  C  70.31*  H  7.93*  N  5.06.  C17H23O3N.  Calculated %;  C  70.48*  H  7.95*  N  4.85. 

The  hydrochloride  formed  colorless  crystals.  M.  p.  117-120*  (from  a  mixture  of  alcohol  and  ether). 

Found  %:  N  4.32*  Cl  10.90.  C17H23O3N  •  HCl.  Calculated  %;  N  4.30*  Cl  10.89. 

3-(y-Diphenylacetoxypropoxy)quinuclidine  (VId).  2  g  of  3-(y -hydroxypropoxyOquinuclldine,  3  g  of 
diphenylacetyl  chloride,  and  20  ml  of  anhydrous  benzene  w'ere  boiled  for  3  hours.  The  reaction  mi.xture  was 
treated  as  described  in  tlie  preceding  experiment.  The  yield  was  2.3  g  (56%)  of  die  ester  in  the  form  of  a 
viscous  colorless  liquid,  readily  soluble  in  organic  solvents,  insoluble  in  water.  B.  p.  232-233*  (0.35  mm). 

Found  %:  C  75.84*  H  7.67*  N  3.70.  C21H23O3N.  Calculated  %;  C  76.00*  H  7.65*  N  3.69. 

3-[y-(p-Nitrohenzoyloxy)propoxy'3  quinuclidine  (Vic).  To  a  solution  of  1.5  g  of  3-(y -hydroxypropoxy)- 
qulnuclidine  in  15  ml  of  anhydrous  benzene  was  added  1.6  g  of  p-nitrobenzoyl  chloride.  When  the  reagents 
were  mixed,  an  initial  evolution  of  heat  occurred  and  a  precipitate  separated  out.  The  reaction  mixture  was 
heated  for  4  hours  at  boiling,  cooled,  and  the  precipitate  was  filtered  off,  washed  on  the  filter  widi  benzene, 
and  recrystallized  from  12  ml  of  anliydrous  alcohol.  The  yield  was  2.55  g  (85%)  of  the  hydrochloride  of  3- 
[y-(p-nitrobenzoyloxy)propoxy]  quinuclidine.  The  product  formed  colorless  crystals,  readily  soluble  in  water, 
less  soluble  in  alcohol,  insoluble  in  benzene  and  ether.  M.  p.  159-161*. 

Found  %;  Cl  9.41,  9.44*  N  7.22,  7.70.  CiyUzzOsN,*  HCl.  Calculated  %:  Cl  9.58*  N  7.55. 

3-(y^-Chloropropoxy)quinuclidine  (Vll).  To  a  solution  of  2.2  g  of  3-(y-hydroxypropoxy)qulnuclidine 
in  20  ml  of  anliydrous  alcohol  was  added  a  20%  alcoholic  solution  of  hydrogen  chloride  until  there  was  an 
acid  reaction  to  Congo.  Then  the  alcohol  was  distilled  off  in  vacuo,  30  ml  of  anhydrous  benzene  and  15  ml  of 
thionyl  chloride  were  added  to  tlie  oily  residue,  which  was  the  hydrochloride  of  3-(y -hydroxypropoxy)quinuclldlne, 
and  tlie  mixture  was  heated  at  60-65*  for  3  hours.  The  solution  was  evaporated  in  vacuo  and  2.6  g  (91.2%)  of 
the  hydrochloride  of  3-(y  -chloropropoxyOquinuclidine  was  obulned  in  the  form  of  colorless  hygroscopic  crystals, 
readily  soluble  in  water  and  alcohol,  more  difficultly  soluble  in  acetone,  and  Insoluble  in  etlier  and  benzene. 

M.  p.  128-130*  (from  acetone). 

Found  %:  Cl  29.02*  N  5.90.  CioHijONCl-HCl.  Calculated  %;  Cl  29.58*  N  5.83. 

3-[y -(N-Piperldino)propoxy)quinuclidlnc]  (XI).  A  solution  of  1  g  of  the  hydrochloride  of  3-(y-chloro- 
propoxy)quinuclidine  and  1.42  g  of  piperidine  in  8  ml  of  anhydrous  alcohol  was  heated  at  boiling  for  5  hours. 

The  solution  was  evaporated  in  vacuo  and  the  residue  was  treated  with  50%  potassium  carbonate  solution  and 
extracted  witli  ether.  The  ether  solution  was  dried  wltli  sodium  sulfate,  the  ether  was  distilled  off,  and  the 
residue  was  distilled  in  vacuo.  The  yield  was  0.37  g  (35.2%)  of  3-[y-(N-piperldino)propoxy]qulnuclldlne. 

The  product  was  a  greenish  mobile  liquid  wltli  a  sharp  amine  odor,  soluble  in  water  and  in  organic  solvents. 

B.  p.  141-143*  (0.4  mm). 


179 


Found  <70:  C  71.07;  H  11.24;  N  10.95.  C15H23ON2.  Calculated  C  71.43;  H  11.11;  N  11.11. 

3-[y-(N- Morpliollno)propoxy]qulnuclldine  (Xll).  A  solution  of  2  g  of  the  liydrochlorlde  of  3-(y-chloro- 
propoxy)  quinuclidine  and  4.35  g  of  morpholine  in  16  ml  of  anhydrous  alcohol  was  heated  at  boiling  for  9  hours. 

The  reaction  mixture  was  treated  as  described  in  the  preceding  experiment.  The  yield  was  1  g  (47.2‘7o)  of  a 
colorless  mobile  liquid,  readily  soluble  in  water  and  organic  solvents.  B.  p.  141*  (0.4  mm). 

Founder  N  11.20.  C14H2GO2N2.  Calculated  N  11.02. 

3-(j^-Mercaptopropoxy)quinuclidine  (VIII).  A  solution  of  6.62  g  of  the  hydrochloride  of  3-(y-chloro- 
propoxy)qulnuclidine  and  2.1  g  of  thiourea  in  33  ml  of  water  was  boiled  for  6  hours.  To  the  cooled  solution 
was  added  2.2  g  of  solid  sodium  hydroxide  and  tlie  mixture  was  heated  on  a  boiling  water  bath  for  1  hour.  The 
reaction  mixture  was  saturated  witli  sodium  chloride,  extracted  witli  ether,  the  ether  extract  was  dried  with 
sodium  sulfate  a)id  evaporated,  and  the  residue  was  distilled  in  vacuo.  The  yield  was  4.32  g  (78'7o)  of  3-(y- 
metcaptopropo.xy)quinuclidine  in  the  form  of  a  colorless  mobile  liquid  with  a  sharp  odor,  readily  soluble  in 
organic  solvents  and  water.  B.  p.  118-120“  (1  mm),  n^^D  1.518. 

Found  <7o:  N  7.21;  S  15.83.  CioH^ONS.  Calculated  <70;  N  6.96;  S  15.92. 

3-(y- Acetylothiopropoxy)quinuclidine  (IXa).  To  a  solution  of  1.5  g  of  3-(y -mercaptopropoxy)qulnuclidine 
In  20  ml  of  anhydrous  etlier  was  added  with  cooling  and  stirring  a  solution  of  0.9  g  of  acetyl  chloride  in  10  ml 
of  ether.  Tlie  reaction  mixture  was  kept  at  room  temperature  for  5  hours,  tlien  the  filtrate  was  drawn  off  with 
suction  and  the  precipiute  was  washed  with  etlier  and  dried.  The  yield  was  2  g  (95.5^70)  of  the  hydrochloride 
of  3-(y-acetylthiopropo,xy)quinuclidlne.  The  product  formed  colorless  crystals,  readily  soluble  in  water  and 
alcohol,  more  difficultly  soluble  in  acetone,  insoluble  in  ether.  M.  p,  124-127"  (from  acetone). 

Found  <70:  Cl  12.70;  S  11.38.  C1JH21O2NS -HCl.  Calculated ‘7o;  Cl  12.70;  S  11.45. 

3-(y-Benzoylthlopropoxy)quinuclidine  (IXb).  From  1.65  g  of  3-(y-mercaptopropoxy)qulmiclidine, 

l. 27  g  of  benzoyl  chloride,  and  20  ml  of  eilter  we  obtained  2.5  g  (89‘7o)  of  the  hydrochloride  of  the  ester, 

in  the  manner  described  above.  The  product  formed  colorless  crystals  with  m.  p.  156-158“  (from  a  mixture 
of  acetone  and  alcohol). 

Found ‘7o:  Cl  10.38;  S  9.16.  Cj^HjsOjNS -HCU  Calculated  ^70:  Cl  10.39;  S  9.37. 

3-(y-Diphenylacetylthlopropoxy)qulnuclidine  (IXd).  1.5  g  of  3-(y-mercaptopropoxy)quinuclidlne, 

2.06  g  of  diphenylacetyl  chloride,  and  30  ml  of  anliydrous  etlier  were  treated  as  in  tlie  preceding  experiments. 
The  yield  was  2.9  g  (90.2%)  of  the  hydrochloride  of  the  ester.  The  product  formed  colorless  crystals  with 

m.  p.  71-74*. 

Found  %;  S  7.65.  C24H2n02NS ‘HCl.  Calculated  %:  S  7.41. 

3-[y  -(p-Nitrobenzoyltliio)propoxy3quinuclidine  (IXc).  From  1.32  g  of  3-(y -mercaptopropoxy)- 
quinuc^ld^ne,  1.46  g  of  p-nitrobenzoyi  chloride,  and  20  ml  of  anliydrous  etlier  we  obtained  2.3  g  (90.5%) 
of  tlie  hydrochloride  of  the  ester.  The  product  formed  colorless  cry'stals  with  m.  p.  168-170“. 

Found  %:  Cl  9.48.  C17H22O4N2S  .HCl.  Calculated  %;  Cl  9.18. 

SUMMARY 

The  syntliesls  of  esters  of  3-hydroxyquinuclidine,  3-(y-hydroxypropoxy)quinuclldine,  and  3-(y-mercapto- 
propoxy)quinuclidine  has  been  described. 

Pharmacological  investigation  of  tlie  compounds  prepared  disclosed  iliat  the  most  active  were  3-acetoxy- 
quinuclldine  (cholinomimetic  action)  and  3- benzoylo.\y quinuclidine  (hypotensive  action). 
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In  a  previous  communication  [1]  we  have  described  tlie  syntlresis  of  a  new  bicyclic  compound,  3,9- 
oxazabicyclo-(3,3,l)-nonane,  and  a  series  of  its  N- derivatives. 

A  pharmacological  study  of  these  compounds,  carried  out  in  the  division  of  pharmacology  by  P.  M, 
Dozortseva,  has  shown  tliat  they  affect  the  cholinoreactive  systems  of  tlie  organism.  The  simplest  representatives 
of  tliis  scries,  the  hydroclilorides  of  3, 9-oxazabicyclo-(3, 3,1)- nonane  and  9-methyl-3,9-oxazabicyclo-(3,3,l)- 
nonanc,  exerted  a  stimulating  effect  on  die  ganglions.  As  die  weight  of  the  molecule  increased,  the  compounds 
acquired  a  ganglion- blocking  property.  The  quaternary  compounds  of  diis  series  showed  elements  of  a  curare- 
like  effect. 

For  a  furdier  study  of  the  pharmacological  activity  of  diis  series  of  compounds,  we  have  synthesized  acyl 
and  alkyl  derivatives  of  3,9-oxazabicyclo-(3,3,l)-nonane  (1),  including  compounds  containing  in  the  alkyl  and 
acyl  radicals  such  pharmacologically  active  heterocyclic  systems  as  phenothiazine,  quinosolone,  morpholine, 
etc. 

In  order  to  synthesize  die  9-ethyl-,  (11,  O,  9-propyl-,  (II,  m),  and  9-benzyl,  (II,  n),  derivatives  of  3,9- 
oxazablcyclo- (3,3,1)- nonane,  the  latter  compound  was  subjected  to  the  action  of  acetyl,  propionyl,  and  benzoyl 
chlorides  in  anhydrous  benzene,  widi  cooling.  The  9- acetyl-  Ol,  a),  9-ptopionyl-  (II,  b),  and  9- benzoyl- 3,9- 
oxazabicyclo-(3,3,l)-nonanes,  (II,  c),  were  reduced  with  lithium  aluminum  hydride  to  the  corresponding  amines. 

When  die  compound  9-(0-chloroproplonyl)-3,9-oxazabicyclo-(3,3,l)-nonane(previously  described  by  us 
[l])was  reacted  with  morpholine  and  dimetliylamine  in  anliydrous  alcohol,  wldi  phenodiiazine  in  anhydrous 
benzene,  and  widi  the  sodium  salt  of  quinosolone-4  in  anliydrous  alcohol,  we  obtained  die  corresponding  0- 
substltutcd  9-proplonyl-3, 9-oxazabicyclo-(3, 3,1)- nonanes  (II,  d;  II,  ej  II,  f|  and  II,  g).  It  also  was  found 
tiiat  when  9-(0 -chloroproplonyl)- 3,9- oxazablcyclo- (3,3,1)- nonane  was  reacted  widi  phenothiazine  and 
qulnosolone-4,  we  obtained  9-acryIoyl-3,9-o.xazablcyclo-(3,3,l)-nonane  as  a  byproduct. 

0\  COCH  =  CHj 


Tlie  formation  of  diis  compound  is  explained  by  the  splitting  out  of  hydrogen  chloride  from  9-(0-chloro- 
proplonyl)- 3,9- o.xazabicyclo- (3,3,1)- nonane  in  alkaline  medium. 
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When  chloroaceiyl  chloride  was  reacted  with  3,9-oxazabicyclo-(3,;i,l)-nciiane  under  the  conditions 
described  for  B-chloropropionyl  chloride  [1]  (aqueous  alhaline  medium),  substitution  of  two  chlorines  occurred 
in  the  3,9-oxazabicyclo-(3,3,l)-nonane,  and  9-[3’,9'-oxa7,abicyclo-(3’,3*,l*)-nonano-9’j-acetyl-3,9-oxaza- 
bicyclo-(3,3,l)-nonane  (II,  k),  was  formed  as  a  byproduct  of  die  reaction. 


}  H-^COCHj 
H  =  tOCjHj 
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To  free  this  compound  of  slight  contamination  by  9-chloroacetyl-3,9-oxazabicyclo-(3,3,l)-nonane  that 
was  formed  in  the  reaction,  tlie  reaction  product  was  treated  with  diediylamine  in  boiling  anhydrous  alcohol. 

If  the  reaction  was  carried  out  in  anhydrous  benzene,  substitution  took  place  only  on  die  acyl  chloride  group 
and  9-chloroacetyl-3,9-oxazabicyclo-(3,3,l)-nonane  (11,  a)  was  obtained.  The  latter  on  reaction  with  piperidine 
and  morpholine  in  anhydrous  alcohol  yielded  9-(N-piperidinoacetyl)-(II,  i)  and  9-(N-morpholinoacetyl)-3,9- 
oxazabicyclo- (3,3,1)- nonane  (II,  j). 

(II,  d),  (II,  e),  (II,  i),  (II,  j),  and  (II,  k)  were  reduced  widi  lithium  aluminum  hydride  to  the  corresponding 
amines  (II,  o),  (II,  p),  (II,  q),  (II,  r),  and  (II,  s).  We  were  not  able  to  reduce  compounds  (II,  f)  and  (II,  g)  in  this 
manner.  The  desired  amines  were  prepared  in  tiie  following  way. 

3,9-Oxazabicyclo-(3,3,l)-nonane  was  reacted  with  carboethoxyacetyl  chloride.  The  9-carboethoxyacetyl- 
3,9-oxazabicyclo-(3,3,l)-nonane  (111,  a)  diat  was  obtained  was  reduced  witli  liiJiium  aluminum  hydride  to  9- 
(^  -hydroxypropyl)-3,9-o.\a7.ablcyclo-(3,3,l)-nonane  (VI,  a).  When  this  last  compound  was  reacted  wltli  pheno- 
thiazine  and  quinosolone-4,  tlie  corresponding  9-[y-(N-plienotluazino)  propylj-  (VII,  a)  and  9-[y-(3’-quinosolone-4*)- 
propyl]-3,9-o.\azabicyclo-(3,3,l)-nonancs(VII,  b)  were  obtained. 
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In  a  similar  manner,  starting  with  6-carboetlioxypropionyl  chloride  and  6-carbometlioxypropionyl  chloride, 
we  obtained  9-(a-carboetlioxy)-  (HI,  b)  and  9-{fl--carbomethoxy)-proplonyl-3,9-oxazabicyclo-(3,3,l)-nonane 

(III,  c),  which  upon  reduction  with  lithium  aluminum  hydride  yielded  9-(  6-hydroxybutyl)- 
3,9-oxazabicyclo- (3,3,1)- nonane  (IV,  b).  By  reacting  the  last-named  compound  with 
ihionyl  chloride,  we  obtained  tlte  hydrochloride  of  9-(6 -chlorobulyl)-3,9-oxazabicyclo- 
(3,3,l)-nonane  (VI,  b).  When  we  attempted  to  Isolate  the  free  base,  we  obtained  a 
quaternary  salt  that  apparently  had  the  structure  shown  at  the  left. 

(VI,  b)  reacted  witli  phenothiazine  to  form  9-[6-(N-phenothiazino)-butylJ-3,9- 
oxazabicyclo- (3,3,1)- nonane  (VII,  c)  in  yieldj  it  did  not  react  with  quinosolone-4.  Obviously,  in  this 
case  the  conversion  of  tlie  chloride  (VI,  b)  to  the  quaternary  salt  went  more  rapidly  than  its  reaction  with 
quinosolone-4. 

When  (VI,  b)  was  treated  with  alcoholates  it  formed  ethers.  We  obtained  9- (6- metltoxy butyl)-  (VII,  d) 
and  9-(6-erhoxybutyl)-3,9-oxazabicyclo-(3,3,l)-nonane  (VII,  e). 

The  first  of  tliese  ethers  was  obtained  in  insignificant  yield,  but  the  second,  apparently,  as  a  result  of  the 
higher  reaction  temperature,  was  obtained  in  64  °Jo  yield. 

When  9- (y -hydroxy propyl)-  and  9-(6-hydroxybutyl)-3,9-oxazabicyclo-(3,3,l)-nonane  were  reacted  with 
acetyl,  propionyl,  benzoyl,  nicotinyl,  and  isonicotlnyl  chlorides,  the  corresponding  esters,  which  are  shown  in 
the  table,  were  obtained. 

EXPERIMENTAL 

9-Acetyl-3,9-oxazabicyclo-(3,3,l)-nonane  (II,  a).  To  a  solution  of  3.7  g  of  3,9-oxazabicyclo-(3,3,l)- 
nonanc  in  10  ml  of  anhydrous  benzene  cooled  with  ice  was  added  dropwise,  witli  stirring^a  solution  of  1.14  g  of 
acetyl  chloride  in  10  ml  of  anhydrous  benzene.  The  reaction  mixture  was  stirred  for  30  minutes  witli  cooling 
and  for  2.5  hours  at  room  temperature.  Tlien  35  ml  of  anhydrous  ether  was  added,  tlie  hydrochloride  of  the 
starting  3,9-oxazabicyclo-(3,3,l)-nonane  that  had  formed  was  filtered  off,  the  filtrate  was  evaporated  in  vacuo, 
and  the  residue  was  distilled.  The  yield  was  1.74  g  (707o)  of  material  with  b.  p.  106-109*  (1  mm),  which 
crystallized  upon  cooling.  M.  p.  74-75*. 

Found  C  63.89}  H  8.96}  N  8.08.  C^isOjN.  Calculated  «7o;  C  63.90}  H  8.87}  N  8.28. 

9- Propionyl- 3,9- oxazabicyclo- (3,3,1)- nonane  (II,  b).  By  the  metliod  described  above,  2  g  (60 ‘Vo)  of 
material  with  b.  p.  113-114*  (0.6  mm)  was  obuined  from  4.61  g  of  3,9-oxazabicyclo-(3,3,l)-nonane  and 
1.85  g  of  propionyl  chloride. 

Found  "/o;  C  65.10}  H  9.38}  N  7.57.  C10H17O2N.  Calculated ‘7o;  C  65.57}  H  9.29}  N  7.65. 

9-Benzoyl-3,9-oxazabicyclo-(3, 3,1)- nonane  (II,  c).  In  a  manner  similar  to  that  described  above,  2.78  g 
(81%)  of  material  with  b.  p.  162-163“  (0.7  mm)  and  m.  p.  78-80*  was  obtained  from  3.75  g  of  3,9-oxazabicyclo- 
(3,3,1)- nonane  and  2.07  g  of  benzoyl  chloride. 

Found  %:  C  72.61}  H  7.28}  N  5.62.  Ci4Hi702N.  Calculated  %;  C  72.72}  H  7.35}  N  6.06. 

9-[3 - (N- Morpholinopropionyl)]- 3,9- oxazabicyclo- (3,3,l)- nonane  (II,  d).  3.03  g  of  technical  9-(S- 

chloropropionyl)-3,9-oxazabicyclo-(3,3,l)-nonane  [1],  2.42  g  of  morpholine,  and  20  ml  of  anhydrous  alcohol 
were  heated  at  boiling  for  5  hours.  Then  the  alcohol  was  distilled  off  in  vacuo  and  tlie  residue  was  treated  with 
an  excess  of  50%  potassium  carbonate  solution  and  extracted  with  chloroform.  The  chloroform  extract  was 
dried  with  calcined  sodium  sulfate,  the  chloroform  was  distilled  off,  and  the  residue  was  distilled  in  vacuo.  The 
yield  was  2.69  g  (72%)  of  material  with  b.  p.  183-185*  (0,2  mm),  in  the  form  of  a  colorless,  caramel- like 
mass. 

Found  %:  C  62.77}  H  8.73}  N  10.09.  C14H24O3N2.  Calculated%:  C  62.68}  H  8.95}  N  10.44. 

The  hydrochloride  was  a  white  crystalline  material  with  m.  p.  228-  230*. 
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Isolated  as  the  dlhydrochloildes. 

Isolated  as  die  dihydrochlorides,  which  crystallize  with  1  molecule  of  HjO, 


Found 'Yj:  N  9. 32;  Cl  11.28.  C14H25O3N2CI.  Calculated  7<>:  N  9.19;  Cl  11.G5. 

9-(8-Diniciliylan]inopropionyl)-3,9-o.\a/:abicy('lo-(3,3,l)-nonane  (11,  e).  2.61  g  of  technical  9-(B"Chloro- 
propionyl)-3,9-oxa'/abicyclo-(3, 3,1)- nonane  and  16  ml  of  a  19‘)o  alcohol  solution  of  dlcthylamine  were  heated 
at  boiling  for  5  hours.  After  suitable  treatment,  2.03  g  of  material  was  obtained  which  boiled  at  140* 

(0.8  mm)  and  crystallized  on  cooling.  M.  p,  68-70*. 

Found  <70:  C  63.80;  H  9.67;  N  12.24.  C12H22O2N2.  Calculated ‘7o;  C  63.71;  H  9.73;  N  12.38. 

The  hydrochloride  was  a  white  crystalline  material  with  m.  p.  201-203*. 

Found ‘7o:  N  10.79;  Cl  13.37.  C12H23O2N2CI.  Calculated  <70;  N  10.66;  Cl  13.52. 

9-[8-(N-I’henothiazino)-propionyl]- 3,9- o.xazaliicyclo-(3,3,l)- nonane  (II,  0.  3.32  g  of  9-(0-chloro- 
propionyl)-3,9-oxazabicyclo-(3,3,l)-nonane,  2.02  g  of  phenothiazinc,  and  1.01  g  of  pulverized  sodium 
hydroxide  were  heated  at  boiling  in  70  ml  of  anliydrous  benzene  in  a  Dean-Stark  apparatus.  The  reaction  was 
carried  on  until  water  ceased  to  distill  off.  About  0.2  ml  (dieoretical  0.2  ml)  distilled  off  in  5-6  hours. 

After  this,  tlie  benzene  was  distilled  off  from  the  reaction  mass  in  vacuo  and  the  residue  was  treated  with  an 
excess  of  50'%  potassium  carbonate  and  extracted  witli  ether.  The  etlier  extract  was  dried  widi  anhydrous  sodium 
sulfate  and  the  etlier  was  distilled  off.  The  residue  was  distilled  in  vacuo  at  0.5  mm  and  two  fractions  were 
obtained;  Isi,  101-103*,  1.02  g;  and  2nd,  260*,  2.17  g  (bG^/o).  The  first  fraction  was  a  colorless  transparent 
liquid  which  gave  a  reaction  for  a  double  bond  and  was  9-acryloyl-3,9-oxazabicyclo-(3,3,l)- nonane. 

Found  C  65.94;  H  8.50;  N  7.59.  C10H15O2N.  Calculated  ^0;  C  66.29;  H  8.28;  N  7.73. 

The  second  fraction  was  a  light-yellow,  caramel- like  mass,  which  was  9-[S-(N-phenotliiazine)  proplonylj- 
(3,3,l)-nouane. 

Found  %;  C  69.53;  H  6.65;  N  7.14.  C22H24O2N2S.  Calculated '7o;  C  69.47;  H  6.31;  N  7.36. 

9-[8-(3'-Qiiinosolone-4')  propionyl]-3,9-oxazablcyclo-(3,3,l)-nonane  (II,  g).  0.51  g  of  metallic  sodium 
was  dissolved  in  15  ml  of  anhydrous  ethyl  alcohol.  To  the  warm  solution  was  added  3.24  g  of  quinosolone-4 
and  tlie  reaction  mixture  was  shaken  until  tlie  material  eompletely  dissolved.  To  the  brown  solution  that  formed 
was  added  4.83  g  of  9-(3 -chloropropionyl)-3,9-oxazabicyclo-(3,3,l)-nonane  in  15  ml  of  anhydrous  alcohol  and 
the  reaction  mixture  was  heated  at  boiling  until  tlie  alkaline  reaction  to  phenolphthalein  disappeared  (10-12 
hours).  At  tlie  end  of  tlie  reaction,  the  solution  was  evaporated  in  vacuo,  3-5  ml  of  water  was  added  to  dissolve 
the  sodium  chloride  that  had  formed,  and  tlien  the  mixture  was  treated  with  excess  50°Io  potassium  carbonate 
solution  and  extracted  witli  etlier.  The  etlier  extract  was  dried  witli  anliydrous  sodium  sulfate,  the  etlier  was 
distilled  off,  and  tlie  residue  was  distilled  in  vacuo.  0.6  g  of  a  material  with  b.  p.  101-103“  (0.5  mm)  [9- 
acryloyl- 3,9- oxazabicyclo- (3,3,1)- nonanej  and  2.5  g  of  a  caramel- like  mass  widi  b.  p.  230-240*  (0.7  mm) 
were  obtained.  The  material  with  b.  p.  230-240“  vras  dissolved  in  10  ml  of  anhydrous  etlier  and  allowed  to  stand 
overnight.  The  white  crystals  that  separated  out  were  filtered  off.  2  g  (27 '7o)  of  a  material  with  m.  p.  138-139“ 
was  obtained,  which  was  9-[S-(3’-quinosolono-4*)proplonyl]-3,9-oxazabicyclo-(3,3,l)-nonane.  The  material 
was  readily  soluble  in  alcohol  and  chloroform,  but  difficultly  soluble  in  water. 

Found  <70:  C  65.77;  H  6.70;  N  13.01.  Ci5iH2i03M3.  Calculated  <70:  C  66.05;  H  6.42;  N  12.84. 

9-Chloroacetyl-3,9-oxazabicyclo-(3,3,l)-noriane  (II,  h).  4.22  g  of  3,9-oxazabicyclo-(3,3,l)-nonanc 

was  dissolved  in  14  ml  of  dry  benzene  and  while  die  reaction  mixture  was  stirred  and  cooled  widi  ice,  a  solution 
of  1.9  g  of  chloroacetyl  chloride  in  10  ml  of  dry  benzene  was  added  dropwise.  When  this  addition  was  completed, 
the  reaction  mixture  was  stirred  for  30  minutes  in  ice  and  for  2.5  hours  at  room  temoerature,  after  which  35  ml 
of  anhydrous  edier  was  added.  The  precipitate  of  die  hydrochloride  of  die  starting  3,9-oxazabicyclo-(3,3,l)- 
nonane  that  had  separated  out  was  filtered  off  and  washed  with  edier.  The  weight  of  the  precipitate  was  2.3  g. 
The  edier- benzene  modier  liquors  were  evaporated  and  the  residue  was  distilled  in  vacuo,  2.69  g  (78‘7>>)  of  a 
colorless,  caramel-like  material  was  obtained  widi  b.  p.  124-126*  (0.5  mm),  m.  p.  77-79". 

Found ‘T.:  N  6.81;  Cl  17.47.  C,Hu02NCl.  Calculated ‘’/o:  N  6.88;  Cl  17.44. 

9- (M-Piperidinoacetyl)- 3,9- oxazabicyclo- (3,3,l)-nonauc  (II,  i).  1.5  g  of  9- chloroacetyl- 3,9- o.xazabi- 
cyclo- (3,3,1)- nonane,  1.3  g  of  piperidine,  and  20  ml  of  anliydrous  alcoliol  were  heated  at  boiling  for  5  hours. 
Tlie  further  treatment  was  as  described  above.  The  material  was  extracted  with  ether.  1.55  g  (83*70)  of  a 
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colorless,  caramel- like  mass  was  obtained  with  b.  p.  167-159*  (0.55  mm),  m.  p.  97-99*. 

Found  <7o;  C  G7.00|  H  9.41*  N  11.05.  Ci4H2,i02N2.  Calculated '7o;  C  66.66»  H  9.62j  N  11.11. 

The  liydrocliloridc  was  a  white  crysullinc  material  with  m.  p.  256*  (dccomp.). 

Found  <70:  N  9.43;  Cl  12.24.  Cj^Hj^OzNj -HCl.  Calculated lo:  N  9.70;  Cl  12.34. 

9-(N-Morpholinoacetyl)-3,9-oxazablcyclo-(3,3,l)-nonane  (11,  j).  From  2.8  g  of  9-chloroacetyl-3,9- 
oxazabicyclo-(3, 3,1)- nonane  and  2.93  g  of  morpholine  tliere  was  obtained,  by  tlie  above-described  method, 

3.11  g  (90%)  of  a  colorless,  caramel-like  mass  witli  b.  p.  148-160*  (0.4  mm),  m.  p.  100-102*. 

Found  %;  C  61.62;  H  8.84;  N  10.95.  C13H22O3N2.  Calculated  %:  C  61.45;  H  8.66;  N  11.02. 

The  hydrochloride  was  a  white  crystalline  material  witlt  m.  p.  264-266*  (decomp.). 

Found  %;  N  9.44;  Cl  12.21.  C3H23O3N2CI.  Calculated  %:  N  9.67;  Cl  12.22. 

9-[3',9’-Oxazabicyclo-(3*,3’,l’)-nonano-9’]acetyl-3,9-oxazablcyclo-(3,3,l)-nonane  (11,  k).  6  g  of  the 

hydrochloride  of  3,9-oxazablcyclo(3,3,l)-nonane  was  dissolved  in  12  rnl  of  water  and,  while  ilie  mixture  was 
stirred  and  kept  at  a  temperature  of  not  more  than  5*,  a  solution  of  1.46  g  of  sodium  hydroxide  in  4.8  ml  of  water 
was  added.  Then,  at  the  same  temperature,  4.54  g  of  chloroacetyl  chloride  and  a  solution  of  1.6  g  of  sodium 
hydroxide  in  5.2  ml  of  water  were  added  simultaneously,  drop  by  drop.  When  the  Introduction  of  the  acid  chloride 
had  been  completed,  stirring  was  continued  for  30  minutes  more,  with  cooling,  and  then  the  cooling  was  dis¬ 
continued  and  the  mixture  was  stirred  until  the  temperature  rose  to  15-16*.  The  reaction  mixture  was  made 
alkaline  with  excess  50%  potassium  carbonate  solution  and  extracted  witli  ether.  The  ether  extract  was  dried 
with  aniiydrous  sodium  sulfate  and  the  ether  was  distilled  off.  The  residue,  in  tlie  amount  of  6  g,  was  dissolved 
in  20  ml  of  anhydrous  alcohol,  7.5  g  of  diethylamine  was  added,  and  the  reaction  mixture  was  heated  for  5  hours 
at  boiling.  Wlien  tlie  reaction  had  ended,  the  alcohol  and  excess  diethylamine  were  distilled  off  in  vacuo,  and 
the  residue  was  treated  witli  an  excess  of  50%  potassium  carbonate  solution  and  extracted  with  chloroform.  The 
chloroform  extract  was  dried  with  calcined  sodium  sulfate  and  tlie  chloroform  was  distilled  off.  The  residue, 
which  formed  oily  crystals,  was  treated  with  10  ml  of  anhydrous  etlier  and  filtered.  3  g  (43%)  of  a  white 
crystalline  material  was  obtained  witli  m.  p.  140-142*. 

Found  %:  C  65.16;  H  8.80;  N  9.24.  CjgHjflOgNj.  Calculated  %;  C  65.30;  H  8.84;  N  9.52. 

The  hydrochloride  was  a  white  crystalline  material  with  m.  p.  263-264*  (decomp.). 

Found  %;  N  8.13;  Cl  10.64.  CigH^OaNjCl.  Calculated  %;  N  8.47;  Cl  10.43. 

9-Ethyl-3,9-oxazabicyclo-(3,3,l)-nonane  (II,  2.).  1.73  g  of  9- acetyl- 3,9- oxazabicyclo-( 3,3,1)- nonane 

was  reduced  witli  1.16  g  of  litliium  aluminum  hydride  in  ether-benzene  solution  for  20  hours.  1.28  g  (81%) 
of  a  material  with  b.  p.  67-67.5*  (3  mm),  was  obtained. 

Found  %:  C  69.18;  H  10.66;  N  9.11.  C^H^yON.  Calculated  %:  C  69.67;  H  10.96;  N  9.03. 

The  methiodide,  which  formed  white  crystals  with  m.  p.  290-291*,  crystallized  with  1  molecule  of  water. 

Found  %;  N  4.25;  I  40.37.  C10H22O2NI.  Calculated  %;  N  4.44;  1  40.31. 

9-Propyl-3,9-oxazabicyclo-(3,3,l)-nonane  (11,  m).  1.75  g  of  9-propionyl-3,9-oxazabicyclo-(3,3,l)- 

nonane  was  reduced  with  0.72  g  of  litliium  aluminum  hydride  in  ether-benzene  solution  for  20  hours.  1.03  g 
(64%)  of  a  material  witli  b.  p.  55-56*  (0.8  mm),  was  obtained. 

The  methiodide  was  a  white  crystalline  material  witlt  m.  p.  278-  280*. 

Found  %:  N  4.36;  1  40.76.  CjjHjjONI.  Calculated  %;  N  4.50;  I  40.83. 

9-Benzyl- 3, 9-oxazablcyclo-(3, 3, l)-nonane  (II,  n).  2.97  g  of  9- benzoyl- 3,9- oxazabicyclo- (3, 3, l)- nonane 

was  reduced  with  1.46  g  of  litliium  aluminum  hydride  in  ether- benzene  solution  for  20  hours.  2.6  g  (93%)  of  a 
material  witli  b.  p.  119-121*  (0.7  mm),  m.  p.  38-40*,  was  obtained. 
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Found  Vo;  C  77.22J  H  8.79;  N  6.33.  Ci4Hi,ON.  Calculated  Vo:  C  77.41;  H  8.75;  N  6.45. 

The  nieihiodlde  was  a  white  crystalline  material  witli  m.  p.  225-227*. 

Found  Vo:  N  4.06;  I  35.27.  C15H22ONI.  Calculated  Vo:  N  3.90;  I  35.37. 

9-[y-(N-MorphoIino)propylJ- 3, 9-oxa7.ahicyclo-(3,3,l)- nonane  (II,  o).  1.86  g  of  9-[0-(N-morpholino)- 
propionylj- 3,9- oxa^abicyclo- (3,3,l)-  nonane  was  reduced  witli  0.5  g  of  lithium  aluminum  hydride  in  ether- 
benzene  solution  for  20  hours.  1.28  g  (72Vo)  of  a  material  witli  b.  p.  140-142*  (0.6  mm)  was  obtained. 

Found  Vo;  C  65.98;  H  10.07;  N  11.05.  Cj^Hj^OjNj.  Calculated  Vo:  C  66.14;  H  10.23;  N  11.02. 

The  monometliiodide  was  a  white  crystalline  material  with  m.  p.  156.5-158.5*.  It  was  produced  when 
9-[y-(N-morpholino)propyl]-3,9-oxazabicycIo-(3, 3,1)- nonane  stood  for  a  long  time  in  the  cold  with  an  excess 
of  metliyl  iodide  in  anhydrous  acetone.  It  was  soluble  in  alcohol  and  acetone. 

Found  Vo;  N  6.98;  I  32.10.  CijHaOzNzl.  Calculated  Vo:  N  7.07;  I  32.07. 

The  dimethlodide  was  a  white  crystalline  material  with  m.  p.  227-229*.  It  was  produced  along  witlt  the 
monometliiodide  when  9-[y -(N-morpholino)propylj-3,9-oxazabicyclo-(3,3,l)-nonane  was  boiled  for  a  long  time 
with  an  excess  of  methyl  iodide  in  acetone;  it  wa<!  not  soluble  in  alcohol  and  acetone. 

Found  Vo:  N  5.10;  I  47.57.  CisHjjOjNjIz.  Calculated  Vo:  N  5.20;  I  47.21. 

9-(y  - Dimethylaminopropyl)- 3,9- oxazabicyclo-(3,3,l)- nonane  (II,  p).  2.11  g  of  9-(0-diinethylamino- 
propionyl)- 3,9- oxazabicyclo-(3, 3,1)- nonane  was  reduced  with  0.52  g  of  lithium  aluminum  hydride  in  ether 
solution  for  20  hours.  1.23  g  (62Vo)  of  a  material  with  b.  p.  98-100*  (0.6  mm)  was  obtained. 

Found  Vo;  C  67.71;  H  11.19;  N  13.23.  C12H24ON2.  Calculated  Vo:  C  67.92;  H  11.32;  N  13.20. 

Tlie  dimetliiodide  was  a  white  crystalline  material  with  m.  p.  244-245*.  It  was  formed  when  9-(y- 
dlmeihylaminopropyl)- 3,9- oxazabicyclo- (3,3,1)- nonane  was  boiled  for  a  long  time  with  an  excess  of  methyl 
Iodide  In  acetone;  it  was  insoluble  in  acetone. 

Found  Vo:  N  5.38;  1  50.68.  Ci^HsoONjIz.  Calculated  Vo :  N  5.64;  I  51.20. 

9-[6-(N-Piperidlno)  ethyl]- 3,9- o-xazabicyclo- (3, 3,1)- nonane  (II,  r).  2.57  g  of  9-(N-piperidinoacetyl)- 

3.9- oxazabicyclo-(3,3,l)-nonane  was  reduced  witlt  0.83  g  of  lltliium  aluminum  hydride  in  etlter- benzene 
solution  for  20  hours.  1.93  g  (79Vo)  of  a  material  with  b.  p.  103*  (0.35  mm)  was  obtained. 

Found  Vo:  C  70.30;  H  10.76;  N  11.78.  Ci^HseONj.  Calculated  C  70.58;  H  10.92;  N  11.76. 

Tlie  dihydrochloride  was  a  white  crystalline  material  with  m.  p.  218-  220*;  it  crystallized  with  one 
molecule  of  water. 

Found  Vo:  M  8.22;  Cl  21.48.  Cj^HsoOzNjClz.  Calculated  Vo :  N  8.51;  Cl  21.58. 

9-[6-(N-Morpholino)ediyl]-3,9-oxazabicyclo-(3,3,l)-nonane  (II,  s).  2.85  g  of  9-(N-morpholinoacetyl)- 

3.9-  oxazabicyclo- (3, 3,1)- nonane  was  reduced  with  0.87  g  of  litliium  aluminum  hydride  in  ether-benzene 
solution  for  20  hours.  1.88  g  (70Vo)  of  a  material  wiUi  b.  p.  118-120*  (0.3  mm)  was  obtained. 

Found  Vo:  C  64.45;  H  9.90;  N  11.62.  C13H24O2N2.  Calculated  Vo:  C  65.00;  H  10.00;  N  11.66. 

Tlie  diliydrochlorlde  was  a  white  crystalline  material  witlt  m.  p.  220-  222“  (decomp.). 

Found  Vo:  N  8.81;  Cl  22.16.  C13H25O2N2CI2.  Calculated  Vo:  N  8.94;  Cl  22.68. 

9-{8 -[3',9*-Oxazabicyclo-(3*,3',l*)-nonano-9*j ethyl}-3,9-oxazahicyclo-(3,3,l)-nonane  (II,  t).  2.3  g 

of  9-[3',9'-oxazabicyclo-(3*,3’,l’)-nonano-9'J-acetyl-3,9-o\azabicyclo-(3, 3,1)- nonane  was  reduced  with 
0.59  g  of  lithium  aluminum  hydride  in  etlier- benzene  solution  for  20  hours.  1.85  g  (84Vo)  of  a  crystalline 
material  with  m.  p.  113-115*  was  obtained. 

Found  Vo:  C  68.41;  H  9.97;  N  10.16.  CigHjsOjNz.  Calculated  Vo:  C  68.57;  H  10.00;  N  10.00. 

The  dihydrochloride  was  a  white  crystalline  material  witlt  in.  p.  272-274*. 
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oxazabicyclo-(3,3,l)-nonane  was  reduced  with  1.34  g  of  lithium  aluminum  hydride  in  ether-benzene  solution 
for  20  hours.  1.43  g  (65  of  a  material  with  b.  p.  107-109*  (0.5  mm)  was  obtained. 

Found 70;  C  65.03J  H  10.24;  N  7.51.  CioHuOjN.  Calculated C  64.86;  H  10.27;  N  7.56. 

The  hydrochloride  was  a  white  crystalline  material  with  m.  p.  149-151*,  which  crystallized  with  1  molecule 
of  water. 

Found  <7o;  N  5.91;  Cl  14.79.  CioH2203NC:i.  Calculated  <7o;  N  5.84;  Cl  14.82. 

9-(5-Hydroxvbutyl)-3,9-oxazabicyclo-(3, 3,1)- nonane  (IV,  b).  a)  2gof9-(fl-carboeihoxypropionyl)- 
3, 9-oxazabicyclo-(3, 3,1)- nonane  was  reduced  witlt  1  g  of  litltium  aluminum  hydride  in  ether-benzene  medium. 
1.1  g  of  a  colorless  mobile  liquid  with  b.  p.  135-137*  (1  mm)  was  obuined. 

Found C  66.12;  H  10.79;  N  7.03.  C^H^iOzN.  Calculated  C  66.33;  H  10.55;  N  7.03. 

The  hydrochloride  was  a  white  crysulline  material  with  m.  p.  142-144*. 

Found  <70;  N  5.91;  Cl  15.04.  CnHjjOjNCl.  Calculated  <7o:  N  5.94;  Cl  15.07. 

b)  3.15  g  of  9-(8-carbomethoxypropionyl)-3,9-oxazabicyclo-(3,3,l)-nonane  was  reduced  with  1.5  g  of 
lithium  aluminum  hydride  in  a  mixture  of  ether  and  dloxane.  2.2  g  (84*70)  of  a  colorless,  very  mobile  liquid 
wltlt  b.  p.  135-137*  (1  mm)  was  obtained.  The  melting  point  of  tlie  hydrochloride  was  142-144*.  A  mixed 
melting  point  test  of  tlie  hydrochloride  of  this  compound  witlr  the  hydrochloride  of  9-(6-hydro.xybutyl)-3,9- 
oxazabicyclo- (3,3,1)- nonane  obuined  by  method  '*a*  gave  no  depression. 

Hydrochloride  of  9-(y-acetoxypropyl)- 3,9- oxazabicyclo- (3,3,1)- nonane  (V).  *  To  a  solution  of  1.85  g 
of  9-(y-hydroxypropyl)-3,9-oxazabicyclo-(3,3,l)-nonane  in  5  ml  of  anliydrous  benzene  was  added,  through  a 
condenser,  a  solution  of  1.57  g  of  acetyl  chloride  in  10  ml  of  anliydrous  benzene.  The  reaction  mixture  warmed 
up  and  a  precipitate  separated  out.  The  mixture  was  heated  at  boiling  for  4  hours.  Then  15  ml  of  anhydrous 
etlier  was  added  to  the  cooled  reaction  mixture  and  die  precipiute  was  filtered  off  and  recrysulllzed  from 
anhydrous  alcohol  widi  the  addition  of  a  small  amount  of  anhydrous  ether  for  crysullizatlon.  1.78  g  (  67*70) 
of  a  white  crystalline  material  was  obuined  with  m.  p.  200-202*. 

•  n  =  3,  R  =  COCH3,  see  table. 
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Found  "/o;  N  5.25i  Cl  13.42.  Ci^laOjNGl.  Calculated  <yo;  N  5.31}  Cl  13.47. 

9^  -Nicotinyloxypropyl)- 3,9- oxazablcyclo-(3, 3,1)- nonane  (V).  *  To  a  solution  of  1.5  g  of  9-(y -hydroxy- 
propyl)- 3,9- oxazabicyclo- (3,3, l)- nonane  in  5  ml  of  anliydrous  benzene  was  added,  ilirough  a  condenser,  a 
solution  of  2.3  g  of  nicoiinyl  chloride  in  10  ml  of  anliydrous  benzene.  The  mixture  became  very  warm  and  a 
precipitate  separated  out.  The  mixture  was  heated  for  3  hours  at  60-70“  on  a  water  bath,  cooled,  10  ml  of 
anhydrous  ether  was  added,  and  tlie  precipitate  was  filtered  off,  dissolved  in  a  small  amount  of  water,  made 
alkaline  with  an  excess  of  50‘7o  potassium  carbonate  solution,  and  extracted  with  ether.  The  ether  extract  was 
dried  with  calcined  sodium  sulfate  and  ilie  etlier  was  distilled  off.  The  residue  was  distilled.  1.4  g  (60‘’/o)  of 
a  colorless  material  was  obtained  wiili  b.  p.  183.5*  (0.9  mm). 

Found ‘yo:  C  G6.30;  H  7.50;  N  9.90.  C15H22OSN2.  Calculated  <70;  C  66.20;  H  7.58;  N  9.65. 

The  dihydroclilorlde  formed  white  hygroscopic  crystals  with  m.  p.  179-181*. 

Found '’/o:  N  7.20;  Cl  19.31.  CieH2403N2Cl2.  Calculated -yo :  N  7.71;  Cl  19.55. 

9-(y-CUloropropyl)-3,9-oxazablcyclo-(3,3,l)-nonane  (VI,  a).  1.33  g  of  the  hydrochloride  of  9-(y- 


tlie  hydrochloride  of  9-ty -chloropropyl)- 3, 9-oxazablcyclo-(3, 3,11-nonane,  2.02  g  of  phenotltiazine,  1.61  g 
of  pulverized  sodium  hydroxide,  and  70  ml  of  anhydrous  benzene  were  heated  in  a  Dean-Stark  apparatus  as 
described  above.  Wlten  tlie  reaction  had  ended,  the  benzene  was  distilled  off  in  vacuo  and  the  residue  was 
treated  with  5%  hydrochloric  acid.  Tlie  acid  aqueous  solution  was  made  alkaline  witli  an  excess  of  40 ‘/o  sodium 
hydroxide  solution  and  extracted  witli  ether.  After  tlie  etlier  extract  was  dried,  tlie  solvent  was  distilled  off,  and 
the  residue  was  distilled  in  vacuo,  0.99  g  of  a  material  with  b.  p.  98*  (0.8  mm)  was  obtained,  which  was  tlie 
starting  9-  (y-chloropropyl)-3,9-oxazabicyclo-(3,3,l)-nonane. 

•  n  =  3,  U  =  sec  table. 

I  I 

\N^ 
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The  mass  iliat  did  noi  dissolve  In  tlie  hydrochloric  acid  was  washed  2-3  limes  witli  small  portions  of  eilier, 
then  dissolved  in  dry  acetone.  After  sliort  standing,  a  precipitate  separated  out.  It  was  left  to  crystallize  for 
8  hours  at  —  5*.  Tlien  it  was  filtered  off  and  1.7  g  of  (VII,  a)  was  obtained  wiili  m.  p.  234-236*  (from 

alcohol). 

Found '7o;  N  G.84j  Cl  8.82j  S  7.90.  CzzHnONjSCl.  Calculated  N  6.95j  Cl  8.81*  S  7.95. 

9-[>  -(3'-Oninosolono-4’) propylJ-3,9-oxazabicyclo-(3,3,l)-nonane  (VII,  b).  To  a  solution  of  the  sodium 
salt  of  quinosolone-4,  whicli  was  prepared  from  0.77  g  of  metallic  sodium,  2.43  g  of  quinosoIone-4,  and  20  ml 
of  alcoliol,  was  added  4  g  of  the  hydrochloride  of  9-(y -chloropropyl)  3,9-oxazabicyclo-(3,3,l)-nonane,  and  the 
mixture  was  heated  at  boiling  for  15-17  hours.  When  the  reaction  had  ended,  the  sodium  chloride  that  had  pre¬ 
cipitated  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuo.  The  residue  was  treated  with  an  excess  of 
50'7o  potassium  carbonate  solution  and  extracted  with  ether.  After  the  extract  had  been  dried,  the  solvent 
distilled  off,  and  tlie  reaction  mass  distilled  in  vacuo  ;  0.4  g  of  a  material  with  b.  p.  98*  (0.8  mm)  was  obtained, 
which  was  the  starting  chloride,  and  also  2.7  g  (52*70)  of  a  caramel-like  mass  with  b.  p.  215*  (0.8  mm). 

Found  <7o;  C  68.98;  H  7.55;  N  13.14.  CijHzjOjNa.  Calculated  <7o;  C  69.00;  H  7.34;  N  13.41. 

The  dihydrochloride  was  a  white  crystalline  material  with  m.  p.  208-210*,  which  crystallized  with  one 
molecule  of  water. 

Found  %;  N  10.10;  Cl  17.78.  C18H27O3N3CI2.  Calculated  N  10.39;  Cl  17.57. 

Hydrochloride  of  9-[6 -(N-phenothiazino) butyl]-3,9-oxazabicyclo-(3, 3,1)- nonane  (VII,  c).  A  mixture  01 
4.55  g  of  the  hydrochloride  of  9-(6 -chlorobutyl)-3,9-oxazabicyclo-(3,3,l)-nonane,  2.37  g  of  phenothiazine, 

l. 97  g  of  sodium  hydroxide,  and  70  ml  of  benzene  was  heated  in  a  Dean-Stark  apparatus  as  described  above. 
When  tlie  reaction  had  ended,  the  sodium  chloride  that  had  formed  was  filtered  off,  and  the  filtrate  was 
evaporated  in  vacuo.  The  residue  was  dissolved  in  5*7o  hydrochloric  acid  and  extracted  with  ether  to  remove 
the  unreacted  phenothiazine.  The  acid  aqueous  solution  was  evaporated  in  vacuo  and  the  residue  was  dissolved 
in  acetone.  When  ether  was  added,  a  precipitate  separated  out.  It  was  filtered  off  and  washed  with  a  small 
amount  of  acetone.  1.7  g  (34*70)  of  a  material  with  m.  p.  194-196*  was  obtained. 

Found  *7o;  N  6.67;  Cl  8.52;  S  7.71.  C23H23ON2SCI.  Calculated  *7o;  N  6.72;  Cl  8.52;  S  7.68. 

9-(6-Metho.xybutyl)-3,9-oxazabicyclo-(3,3,l)-nonane  (VII,  d).  0.27  g  of  metallic  sodium  was  dissolved 

in  10  ml  of  anhydrous  methyl  alcohol.  When  the  solution  obtained  was  added  to  a  hot  solution  of  1.5  g  of  the 
hydrochloride  of  9-(6-chlorobutyl)-3,9-oxazabicyclo-(3,3,l)-nonane  in  10  ml  of  anhydrous  methyl  alcohol,  a 
precipitate  separated  out.  The  reaction  mixture  was  boiled  for  15-17  hours.  Then  the  precipitate  was  filtered 
off  and  the  filtrate  was  evaporated,  treated  with  an  excess  of  50*7o  potassium  carbonate  solution,  and  extracted 
with  ether.  The  main  bulk  of  the  oily  layer  that  separated  did  not  go  into  the  ether  (quaternary  compound). 

The  ether  solution  was  dried  with  calcined  sodium  sulfate  and  the  ether  was  distilled  off.  The  residue  was  again 
dissolved  in  a  small  amount  of  ether  and  acidified  witli  an  alcoholic  solution  of  hydrogen  chloride.  0.15  g  of 
the  crystalline  hydrochloride  was  obtained  with  m.  p.  163-165*. 

Found  *7o;  N  5.59;  Cl  14.41.  C12H24O2NCI.  Calculated -7o;  N  5.61;  Cl  14.23. 

4-(6-Ethoxybutyl)-3,9-oxazabicyclo-(3,3,l)-nonane  (Vll,  e).  By  the  method  described  above,  there 
was  obtained  from  1.5  g  of  tlie  hydrochloride  of  9-(6 -chlorobutyl)-3,9-oxazabicyclo-(3, 3,1)- nonane,  0.27  g 
of  metallic  sodium,  and  20  ml  of  anhydrous  alcohol, a  yield  of  1  g  (64*7o)  of  a  crystalline  precipitate  with 

m.  p.  176-177*  (from  alcohol). 

Found  *7o:  N  5.35;  Cl  13.36.  Ci3H2602NCl.  Calculated  *7o;  N  5.31;  Cl  13.47. 

SUMMARY 

For  the  purpose  of  pharmacological  investigation,  N-acyl  and  N-alkyl  derivatives  of  3,9-oxazabicyclo- 
(3,3,l)-nonane  have  been  prepared,  including  compounds  containing  in  the  acyl  and  alkyl  groups  such  phar¬ 
macologically  active  systems  as  phenothiazine,  quinosolone,  and  morpholine,  and  otlier  ethers  and  esters  of 
9-(y  -hydroxypropyl)-and  9-(6  -hydroxybuiyO-  3, 9-o.\azabicyclo-(3, 3,1)- nonanes. 
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When  diazonium  salts  react  with  2-hydroxy- 1,4- naphtlioqulnone  (I),  either  products  of  azo  coupling  or 
aryl-substituted  qulnones  are  formed,  depending  on  the  reaction  conditions  [1,  2].  *  A  number  of  azo  compounds 
of  2-hydroxy-l, 4- naphtlioqulnone  have  been  described  in  [7].  In  the  case  of  2-hydroxy- 1,4- naphthoquinone.  It  can 
be  assumed  that  it  reacts  in  one  of  its  tautomeric  forms  (II)  and  the  reaction  proceeds  In  a  manner  similar  to  the 
azo  coupling  of  compounds  with  an  active  methylene  group. 


O 

II 


OH 


II 

0 

(I) 


I  I  ic„, 

& 

(ID 


The  purpose  of  our  work  was  to  study  the  azo  coupling  of  qulnones  with  other  electron-donor  substituents. 
As  examples  of  such  compounds  we  selected  2,5-bis (dimethylamlno)-l,4-benzoquinone  and  2-dimethylamlno- 
1,4- naphthoquinone.  When  we  carried  out  the  azo  coupling  of  2,5-bis(dimethylamino)-l,4-benzoquinone  with 
various  diazonium  salts,  we  obtained  high  yields  of  2,5-bis(dlmethylamlno)-3,6-bis(p-nltrophenylazo)-l,4- 
benzoqulnone  (III),  2,5-bis(dimetliylamlno)-3,6-bls(o-niuophenylazo)-l,4-benzoqulnone  (IV),  and  2,5-bls- 
(dimethylamlno)-3,6-bis (2*,  5’-dichlorophenylazo)-l,4-benzoquinone  (V). 


Ar-N=N^^'t^N(CH3)2 


(CIIaloN' 


A  \/\n=N— Ar 


(III) 

Ar 

- V 

(IV) 

Ar 
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NO, 

Cl 
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Ar 

1  1 
II 
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•  The  reaction  of  qulnones  witli  diazonium  salts  under  conditions  where  the  latter  decompose  Is  a  well-known 
metliod  of  synthesizing  aryl- substituted  qulnones  [3-6]. 
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Tlie  formation  of  tlicse  compounds  affords  a  complete  basis  for  assuming  that  llie  azo  coupling  reaction 
in  the  qiiinone  series  is  tlie  same  as  in  the  aromatic  series -an  electrophilic  substitution  reaction. 

Wlien  diazonium  salts  reacted  wltli  2-dimetliylamino-l,4-naphtlioquinone,  we  obtained.  Instead  of  the 
expected  products  of  azo  coupling  of  tills  compound,  tlie  following  derivatives  of  2-hydroxy- 1,4- naphthoquinone; 
2-hydroxy  -  3- (p-nltrophenylazo)- 1,4- naphthoquinone  (VI)  and  2-hydroxy-3-(o-niirophenylazo)-l,4-naphtlio- 
quinone  (VII). 


1  Ln=N _ Ar 

!l 

o 


(VI)  Ar  = 

(VII)  Ar  -  ^ _ ^ . 

I 

NO, 


Probably  under  the  reaction  conditions,replacement  of  the  dimethylamlno  group  of  2- dimethylamino- 1,4- 
naphthoquinone  by  the  hydroxy  group  occurs  readily,  and  then  tlie  azo  coupling  reaction  takes  place.  To  con¬ 
firm  this  assutnption  we  studied  the  effect  of  dilute  acids  on  2-dimethylarnino-l, 4-naphthoquinone.  It  turned 
out  that  under  tlie  reaction  conditions  for  azo  coupling  (witli  the  same  concentrations  of  acid)  the  hydrolysis  of 
the  dimethylamino  group  took  place  very  readily.  There  are  Indications  in  the  literature  of  the  ease  of  hydrolysis 
of  the  amino  groups  in  quinones  under  other  conditions  [8,  9]. 

EXPERIMENTAL 

1.  2,5-Bis(dlmethvlamino)-3,6-bis(p-nitrophenylazo)-l,4-benzoquinone  (III).  To  a  suspension  of  1.9  g 
of  2,6- bis  (dimethylamino)- 1,4- benzoquinone  *  in  50  ml  of  dioxane  were  added,  with  cooling  with  ice,  a 
solution  of  p-nitrophenyldiazonium  chloride  (prepared  from  3.6  g  of  p-nitroaniline,  6  ml  of  concentrated  hydro¬ 
chloric  acid,  88  ml  of  water,  and  a  solution  of  2  g  of  sodium  nitrite  in  the  minimum  amount  of  water)  and  5.4  g 
of  sodium  acetate.  The  reaction  mixture  was  shaken  for  2  hours  at  0*,  and  tlien  it  was  left  overnight  at  a  tem¬ 
perature  of  approximately  0*.  The  precipitate  that  formed  was  filtered  off,  washed  with  water  and  methyl  alcohol, 
and  dried  in  a  vacuum  desiccator  over  phosphoric  anhydride.  The  yield  of  (III)  was  4  g  (81.3  ^7a). 

Found  <70:  C  53.56,  53.49;  H  4.13,  4.00.  Calculated  <7o:  C  53.66;  H  4.09. 

The  other  azo  compounds  (IV- VII)  were  prepared  under  similar  conditions.  The  results  of  the  experiments 
that  were  carried  out  are  given  in  the  table.  All  of  the  azo  compounds  obtained  (IV-VII)  decomposed  when 
heated  above  170-180*,  and  also  upon  any  prolonged  heating  and  storage  of  tlieir  solutions.  2,5-Bis(dimethyl- 
amlno)-3,6-bis(p-nittophenylazo)-l,4-benzoquinone  (III)  was  purified  for  analysis  by  very  rapid  recrystallization 
from  chlorobenzene,  the  azo  derivatives  of  2-hydroxy- 1,4- naphthoquinone  (VI  and  VII)  were  purified  by  pre¬ 
cipitation  from  solutions  in  acetic  acid  with  petroleum  ether,  and  the  other  azo  compounds  (IV  and  V)  were  freed 
of  the  starting  quwiones  by  washing  on  the  filter  with  benzene,  dichloroethane,  and  alcohol.  The  azo  derivatives 
of  2,5-bis (dimethylamino)- 1,4  benzoquinone  (III-V)  were  orange  in  color,  and  those  of  2-hydroxy- 1,4- naphtho¬ 
quinone  were  yellow. 


SUMMARY 

The  azo  coupling  reaction  of  2,5-bis (dimetliylamino)- 1,4- benzoquinone  and  2-dimethylamino-l,4- 
naphthoquinone  has  been  studied.  It  is  assumed  that  this  reaction  proceeds  by  way  of  an  electrophilic  replace¬ 
ment  mechanism. 


•  2,5- Bis  (dimetliylamino)- 1,4- benzoquinone  was  prepared  by  a  known  method  [10]. 
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The  unsaturated  compounds  of  metals  have  been  studied  but  little,  and  only  recently  have  tltey  begun  to 
attract  the  attention  of  investigators  for  the  purpose  of  determining  the  possibility  of  preparing  polymers  with  new 
properties  [1],  Among  the  unsaturated  compounds  of  tin  and  lead,  various  allyl  derivatives  have  been  known  [2, 

3],  and  comparatively  recently  vinyl  compounds  of  tin  have  been  synthesized  [4,  5],  It  was  of  interest  to  investigate 
the  reactivity  of  the  unsaturated  compounds  of  tin  and  lead  in  order  to  evaluate  their  capacity  for  polymerization 
and  copolymerizatlon, 

M.  M.  Koton  and  T.  M.  Kiseleva  [6]  have  shown  that  the  allyl  derivatives  of  tin  form  a  series  with  respect 
to  their  reactivity  (witli  HCl,  Ij,  and  HCOOH);  tetraaliyl  tin  >  dialiyldiphenyl  tin  >  allyltriphenyl  tin.  Thus,  it 
has  been  experimentally  shown  that  as  the  number  of  allyl  radicals  introduced  into  the  molecule  of  the  organotin 
compound  Increases,  its  reactivity  also  increases,  and  that  the  allyl  radical  is  more  active  than  the  phenyl  radical, 
i.e.,  allyl  >  phenyl. 

Furthermore,  under  conditions  of  radical  polymerization  (in  mass  and  in  solution)  the  allyl  compounds  of 
tin  do  not  yield  polymers  and  exert  an  inhibiting  effect  on  tlie  polymerization  of  vinyl  monomers  (styrene,  methy 
methacrylate,  vinyl  acetate),  apparently  as  a  result  of  trapping  and  binding  the  free  radicals  tliat  form  in  the 
polymerization  process  [6].  The  inhibitory  effect  increased  with  an  increase  in  the  number  of  allyl  groups  in  the 
molecule  of  the  organotin  compound. 

In  amplifying  these  studies,  we  synthesized  and  investigated  unsaiutated  compounds  of  tin  and  lead,  namely: 
allyltrlmeihyl  tin,  vinyltrimethyl  tin,  vinyltriphenyl  tin,  divinyldiphenyl  tin,  tetravinyl  tin,  and  allyltriphenyl 
lead. 


Allyltriphenyl  lead  at  room  temperature  reacts  readily  with  HCl  to  yield  propylene  and  triphenyl  lead 
chloride,  in  contrast  to  allyltriphenyl  tin,  which  under  tliese  conditions  forms  benzene,  propylene,  and  stannic 
chloride. 


(Call.orbfCelliJa-f  HCl  C3H6 (CoH.OaHbCl 


Allyltriphenyl  lead  at  room  temperature  reacts  readily  witli  iodine  in  xylene  solution  to  form  triphenyl 
lead  iodide  in  quantitative  yield. 


(C3H.-,)Pb(CcHr,)3  +  I*  — ^  C^lh  i  -}-  (C6H3)3Fb  I 

If  the  reaction  is  carried  out  at  boiling,  tlicn  a  more  extensive  reaction  takes  place  with  the  formation  of 
lead  iodide. 


197 


Thus,  as  in  llic  case  of  tlie  allyl  derivatives  of  tin  [GJ,  the  allyl  radical  is  more  reactive  in  comparison  with 
the  phenyl  radical  [3j. 

Allyltriphenyl  lead  is  thermally  stable  up  to  160*,  but  at  a  higher  temperature  disproportionation  is  observed 
with  the  formation  of  tctraphenyl  lead  and  the  tliermally  unstable  tetraallyl  lead  (not  isolated  in  pure  form), 
which  breaks  down  into  diallyl  and  metallic  lead. 

-i{C3M.01’b(Cell5)3  3  (CoM.-)4l’h  +  (Call.O.I’b 

2Ccnio  --  Pb 

Under  these  conditions  allyltriphenyl  tin,  being  thermally  more  stable,  does  not  undergo  any  change  upon 
heating  up  to  170’,  which  is  in  accordance  with  data  [2J  that  indicate  the  instability  of  allyl  derivatives  of  lead. 

Allyltriphenyl  lead  does  not  polymerize  under  conditions  of  radical  polymerization,  in  tlie  presence  of 
peroxides  and  azo  compounds,  but  at  100-102’  it  breaks  down  to  give  metallic  lead.  Allyltriphenyl  lead  inhibits 
the  polymerization  of  vinyl  monomers  (styrene  and  merliyl  methacrylate)  even  in  the  presence  of  initiators. 

As  in  tlie  case  of  die  allyl  compounds  of  tin,  the  strongest  inliibitory  effect  occurs  widi  mediyl  methacrylate 
(Table  1). 


TABLE  1 


Polymerization  of  Styrene  and  Methyl  Mediacrylate  with  5^0 
Allyltriphenyl  Lead  and  O.l'^o  Azodinitrile  of  Isobutyric  Acid 
(100’,  2  hours). 


Name  of  Monomer 

Yield  of  Polymer 
(in  %) 

Pure  styrene 

34.7 

Styrene  +  allyltriplietiyl  lead 

30.2 

Pure  methyl  methacrylate 

97.5 

Methyl  methacrylate  +  allyltriphenyl 

lead 

31.5 

In  a  study  of  the  reactivity  of  vinyl  derivatives  of  tin  of  die  general  formula  R2Sn(CH =01^2)2  with  iodine, 
hydrogen  chloride,  and  hydrogen  bromide,  it  was  shown  [4,  5j  that  the  radicals  investigated  form  a  series  with 
respect  to  the  rate  of  splitting  out  of  the  atom  of  tin;  phenyl  >  vinyl  >  methyl  >  ethyl  >  propyl  >  butyl. 

We  investigated  the  thermal  stability  of  various  vinyl  derivatives  of  tin  (Table  2)  and  showed  that  they 
can  be  arranged  in  a  series  with  respect  to  their  stability:  vinyltrimediyl  tin  >  vinyltriphenyl  tin  >  divinyldi- 
phenyl  tin  >  tetravinyl  tin. 

With  the  accumulation  of  vinyl  groups  in  the  molecule  of  the  organotin  compound,  the  thermal  stability 
decreases.  These  results  are  in  good  agreement  widi  diose  previously  obtained  [6]  for  allyl  derivatives  of  tin. 
Comparison  of  the  thermal  stability  of  the  corresponding  vinyl  and  allyl  derivatives  ol  tin  (Table  2)  shows  drat 
the  vinyl  compounds  of  tin  are  more  stable,  i.e.,  die  allyl  radical  is  split  off  from  die  tin  atom  more  easily  than 
the  vinyl  radical. 

With  regard  to  their  reactivity,  die  radicals  studied  can  be  arranged  in  the  following  series;  allyl  >  phenyl  > 
>  vinyl.  The  vinyl  compounds  of  tin  do  not  polymerize  under  conditions  of  radical  polymerization  in  die  presence 
of  peroxides  and  azo  compounds.  Upon  prolonged  heating  of  tetravinyl  tin  and  divinyldiphenyl  tin  in  the  presence 
of  2'yo  azodlnitrile  of  isobutyric  acid  in  an  atmosphere  of  nitrogen,  l-S'Yo  of  insoluble.  Infusible  materials  are 
formed,  which  do  not  undergo  change  on  heating  to  300-400“,  and  apparently  are  polymeric  compounds  of  tin. 

Tlie  vinyl  compounds  of  tin  exert  an  inhibitory  effect  on  the  polymerization  of  vinyl  monomers  (styrene 
and  methyl  mediacrylate).  Comparison  of  the  inhibiting  effect  of  the  allyl  and  vinyl  compounds  of  tin  on  the 
polymerization  of  mediyl  mediacrylate  (Fig.  l)  and  styrene  (Fig.  2)  shows  that  die  allyl  compounds  of  tin  are 
more  effective  inliibitots  of  the  polymerization  than  ate  die  corresponding  vinyl  compounds. 
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Tlie  compounds  studied  can  be  arranged  In  a  series  with  respect  to  their  Inhibitory  effect  on  the  polymeriza* 
tlon  of  die  vinyl  monomers;  tetraallyl  tin  »  tetravlnyl  tin  >  allyltrlmethyl  tin  >  dlallyldiphenyl  tin  >  allyltri- 
phenyl  tin  >  vinyluiphcnyl  tin  >  vinyltrimetliyl  tin. 

TABLE  2 

Thermal  Stability  of  Unsaturated  Compounds  of  Tin  and  Lead 


Name  of  unsaturated 

,  150  170-180  200*  250*  300* 

compound 

Tetraallyl  tin  Stable  Decomp.  —  —  — 

Tetravlnyl  tin  Stable  Part,  decomp.  Part,  decomp.  Decomp.  — 

Allyltriplienyl  lead  Stable  Decomp.  “  “  “ 

Allyltrlphenyl  tin  Stable  Stable  —  —  — 

Vinyltrlphenyl  tin  Stable  Stable  Part,  decomp.  Decomp.  — 

Dlallyldiphenyl  tin  Stable  Part,  decomp.  |  ”  “ 

Divlnyldlphenyl  tin  Suble  Stable  Part,  decomp.  Decomp.  — 

Vlnyltrimethyl  tin  Stable  Stable  Stable  Part,  decomp.  Decomp. 

Note.  Decomp.  =  decomposes;  part,  decomp.  =  partially  decomposes. 


Decomp. 


Comparison  of  the  various  unsaturated  compounds  of  tin  with  respect  to  thermal  sublllty  and  inhibiting 
effect  on  the  radical  polymerization  of  vinyl  monomers  shows  that  the  most  effective  inhibitors  are  die  least 
thermostable  unsaturated  compounds  of  tin  (tetraallyl  tin). 


Z  If  6 
Time  (hours) 

Fig.  1.  Polymerization  of  methyl 
methacrylate  at  120*  in  the  pre¬ 
sence  of  5  wt.  ^0  of  unsaturated 
compounds  of  tin;  1)  tetraallyl 
tin;  2)  allyltrlmethyl  tin;  3) 
dlallyldiphenyl  tin;  4)  allyltri- 
phenyl  tin;  5)  tetravlnyl  tin; 

6)  vlnyltrimethyl  tin;  7)  vinyl¬ 
trlphenyl  tin;  8)  pure  methyl 
methacrylate. 


Z  k  6 
Time  (hours) 

Fig.  2.  Polymerization  of  styrene 
at  120*  in  the  presence  of  5  wt.  ‘55) 
of  unsaturated  compounds  of  tin: 
l)  tetraallyl  tin;  2)  allyltri- 
mediyl  tin;  5)  tetravlnyl  tin; 

7)  vinyltrlphenyl  tin;  9)  pure 
styrene. 
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EXPERIMENTAL 


Allyltrlphcnyl  lead  was  prepared  from  trlphcnyl  lead  chloride  and  allylniagnesium  iodide  [3]  in  SS'Vo 
yield,  m.  p,  75.5-70“  13J. 

Found '’/o:  Pb  42.91.  CyHzoI’b.  Calculated  <70:  Pb  43.22. 

Tetravinyl  tin  was  synthesized  from  vinylmagncsium  bromide  [8J  in  tetrahydrofuran  and  stannic  chloride 
In  CO’/o  yield,  b.  p.  07-70*  (28  mm),  n"^D  1.4957,  d^^  1.257,  independent  of  Seuferth  [4j,  who  published  a 
general  method  for  die  synthesis  of  vinyl  compounds  of  tin,  including  tetravinyl  tin. 

Allyltrimcihyl  tin  was  prepared  from  trimethyl  tin  bromide  and  allylinagnesium  bromide  in  25*70  yield  [7], 
b.  p.  128-130*,  n^D  1.4734  [7j,  d®^  1.2547  [7J. 

Vinyltrlphenyl  tin  was  prepared  from  vinylmagncsium  bromide  in  purified  tetrahydrofuran  and  triphenyl 
tin  chloride  in  50‘7o  yield  [4],  m.  p.  38-40*  [4j. 

Found ‘’/o:  Sn  31.52.  C2oHigSn.  Calculated  7o;  Sn  31.48. 

Vinyltrimethyl  tin  was  prepared  in  a  similar  manner  from  vinylmagnesium  bromide  and  trimediyl  tin 
bromide  in  32'yo  yield  [4],  b.  p.  98-100“.  n®D  1.4536,  d^4  1.2370. 

Dlvlnyldiphenyl  tin  was  prepared  in  a  similar  manner  from  vinylmagnesium  bromide  and  diphenyl  tin 
dichloride  in  507o  yield  L4],  b.  p.  167-170“  (7  mm),  n^D  1.5947  [4],  d^4  1.3280. 

Reaction  of  allyltrlphcnyl  lead  witlt  HCl  and  Ij..  An  ampoule  containing  0.2  g  of  allyltriphenyl  lead  was 
cooled  with  dry  ice,  and  then  1  ml  of  an  alcohol  solution  of  HCl  was  introduced  into  it.  The  ampoule  was 
connected  to  a  gas  buret.  The  reaction  suirted  at  room  temperature.  The  propylene  tliat  was  evolved  was 
absorbed  in  a  solution  of  bromine  in  CCh,  and  the  solution  was  tlien  titrated  witlt  Na^gOg.  At  20*  the  con¬ 
version  to  triphenyl  lead  cliloride  (m,  p.  208“)  amounted  to  40.57o,  and  at  70“  it  was  73.8%.  When  2.34  g  of 
allyltriphenyl  lead  was  reacted  witlt  1.27  g  of  iodine  in  xylene  solution  at  room  temperature,  tlie  formation  of 
2.78  g  (98.27o)  of  triphenyl  lead  iodide  with  m.  p.  137*  (139“  [9J)  was  observed.  When  the  reaction  was  carried 
out  at  the  boiling  point  of  xylene,  tlien  a  quantitative  yield  of  lead  iodide  was  obtained. 

Found  7o:  Pb  36.84.  CigHjsPbl.  Calculated  7o:  Pb  36.64. 

Tliermal  decomposition  of  nnsaturated  compounds  of  tin  and  lead.  All  of  the  experiments  were  carried 
out  by  heating  1  g  of  tlie  unsaturated  compound  of  tin  or  lead  in  a  scaled  ampoule  at  100-300*. 

Allyltriphenyl  lead  was  stable  when  heated  for  24  hours  at  a  temperature  from  100  to  160“.  At  160*  and 
above,  complete  decomposition  was  observed,  witlt  the  formation  of  metallic  lead  and  tetraphenyl  lead  witlt 
m.  p.  224*. 

Vinyltrlphenyl  tin  was  unchanged  when  heated  at  150*  for  50  hours;  when  it  was  heated  at  200"  for  3  hours, 
partial  symmetrization  occurred  (4'’,^)  witlt  the  formation  of  tetraphenyl  tin;  when  it  was  heated  at  250*  for  7 
hours,  the  formation  of  metallic  tin  and  15-20  7o  of  tcuaphenyl  tin  was  observed. 

Vinyltrimethyl  tin  was  unchanged  when  it  was  heated  to  250",  but  when  it  was  heated  for  3  hours  at 
300-310*,  complete  decomposition  was  observed  witlt  the  formation  of  metallic  tin. 

Divinyldiphenyl  tin  was  unchanged  up  to  200“,  but  when  it  was  heated  at  250-260“  for  3  hours,  the 
formation  of  metallic  tin  and  teuaphenyl  tin  was  observed.  In  the  presence  of  2%  of  tlie  azodinitrile  of  isobutyric 
acid,  when  the  temperature  was  raised  from  60  to  100“  in  tlie  course  of  72  houts,  tlie  evolution  of  gas  was  ob¬ 
served,  and  l7o  of  a  light  yellow,  insoluble  material  was  formed,  which  did  not  melt  up  to  300*. 

Found  7o:  C  30.39;  H  3.80;  Sn  4-1.24. 

Tetravinyl  tin  was  partially  decomposed  upon  heating  for  50  liours  at  170-180*,  the  liquid  turned  yellow, 
tlie  n^D  changed  (from  1.5007  initially  to  1.4057),  and  a  very  small  amount  of  yellow  precipitate  separated 
out;  upon  heating  for  3  hours  at  250*,  complete  decomposition  occurred  witli  the  formation  of  a  gas  phase  and 
metallic  tin.  In  the  presence  of  2%  of  the  azodinltrilc  of  isobutyric  acid,  heating  from  GO  to  100*  over  a  period 
of  72  hours  caused  the  evolution  of  an  inflammable  gas  and  tlie  formation  of  3  7o  of  a  light  yellow,  insoluble 
material,  which  did  not  melt  up  to  400". 
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Found  %;  C  I5.80i  H  2.70|  Sn  61.70. 

All  of  the  results  obtained  In  the  study  of  tire  thermal  stability  of  the  unsaturatcd  compounds  of  tin  and 
lead  arc  sliown  In  Table  2. 

Experiments  on  the  polymerization  and  copc^merization  of  unsaturatcd  compounds  of  tin  and  lead.  The 
allyl  and  vinyl  derivatives  of  tin  and  lead  did  not  polymerize  In  mass  or  In  benzene  solution  eltlier  In  the  absence 
or  In  the  presence  of  various  initiators  (0.5'’/o  benzoyl,  0.3*70  tert- butyl  peroxide,  0.2%  azodlnitxlle  of  Isobutyrlc 
acid)  when  heated  from  60  to  160*. 

All  of  tlie  experiments  on  copolymerization  of  tlie  allyl  and  vinyl  compounds  of  tin  with  styrene  and  methyl 
methacrylate  were  carried  out  at  120*  for  2,  4,  and  6  hours  wltli  a  ratio  of  95  wt.  %  of  the  monomer  to  5  wt.  % 
of  tlie  tin  derivative.  The  polymers  obtained  were  dissolved  in  benzene,  precipitated  with  methanol,  and  dried 
to  constant  weight.  In  all  tlie  samples  of  ilte  copolymers  Investigated  the  presence  of  0.4  to  2%  of  tin  was  de¬ 
tected. 

Aliyltrlphenyl  lead  did  not  polymerize  thermally  In  the  absence  of  Initiators  up  to  160*;  in  the  presence  ' 
of  0.1%  of  benzoyl  peroxide  or  lert- butyl  peroxide  It  did  not  polymerize,  but  at  120*  it  decomposed  with  the 
formation  of  meulllc  lead;  In  the  presence  of  0.1%  of  the  azodinitrile  of  Isobutyric  acid  the  decomposition 
took  place  at  100*.  In  the  presence  of  Ziegler  catalyst  decomposition  started  even  at  room  temperature. 

When  5  wt.  %  of  aliyltrlphenyl  lead  was  added  to  styrene  and  methyl  methacrylate  In  the  presence  of  0.1% 
of  tlie  azodlnitrlle  of  Isobutyric  acid  at  100*,  an  inhibiting  effect  was  observed,  as  shown  In  the  data  of  Table  1. 


SUMMARY 

1.  Under  comparative  conditions,  the  vinyl  compounds  of  tin  are  more  thermostable  than  the  corresponding 
allyl  compounds  of  tin,  wliich  in  turn  are  more  stable  than  the  allyl  compounds  of  lead. 

2.  The  allyl  derivatives  of  tin  and  lead  and  the  vinyl  derivatives  of  tin  are  not  polymerized  under  con¬ 
ditions  of  radical  polymerization. 

3.  The  allyl  derivatives  of  tin  and  lead  and  the  vinyl  derivatives  of  tin  inhibit  the  radical  polymerization 
of  vinyl  monomers. 
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2-Nitropropcne  and  2-nitrobutene-l  are  acted  on  by  HNO3  to  yield  unstable  products  [1]. 

We  have  investigated  tlte  action  of  nitric  acid  on  nitroolefins  tliat  have  the  nitro  group  at  tlie  end  of  a 
chain,  and  especially  1-nitrobutenc- 1,  l-nitropropene,  and  nitroethylene.  In  tltis  study  we  also  obtained  un¬ 
stable  oils;  however,  we  were  able  to  isolate  individual  products  from  tliem.  It  appeared  tliat  nitrates  of 
a-hydroxy  acids  were  mainly  obtained  from  the  reaction.  Thus,  the  nitrate  of  a-hydroxybutyric  acid  was 
obtained  from  niirobutylene,  and  the  nitrate  of  lactic  acid  from  nitropropylene.  From  nitroetliylene,  we  ob¬ 
tained  an  extremely  unstable  product,  from  which  we  were  unable  to  isolate  any  individual  compound.  The 
reaction  apparently  goes  in  tlie  following  way. 


ONO2  ONO2 

a-CIl=CII-N02  U-CH-CII=NOOIl  — H-CII-COOII 

K  =  CHj.  C,Hj. 

The  structure  of  tlie  products  obtained  was  established  by  using  the  nitrate  of  lactic  acid  as  an  example. 
According  to  tlie  elementary  analysis  the  compound  had  tlie  composition  C3H505N.  Data  from  potentiometrlc 
titration  indicated  that  it  was  a  strong  monobasic  acid  with  pK  <  3.  The  presence  of  a  carboxyl  group  was  con¬ 
firmed  by  tlie  formation  of  an  amide  (tlirough  the  acid  chloride)  and  an  etliyl  ester.  The  infrared  spectrum  of 
the  acid  contained  bands  at  1650,  1570,  and  1290  cm'^,  which  correspond  to  tlie  vibrations  of  the  O  — NO2  group, 
and  a  band  at  1730  cm"^  which  corresponds  to  tlie  vibrations  of  tlie  C=0  bond  in  tlie  carboxyl  group.*  We 
synthesized  tlie  nitrate  of  lactic  acid  for  comparison  witli  this  product  by  a  metliod  described  in  [3,  comprising 
nitration  of  the  zinc  salt  of  lactic  acid. 

The  nitrate  group  in  aijCH  (ONOjJCOOH  exerts  a  very  weak  tendency  toward  nucleophilic  substitution. 
This  can  be  seen  from  the  fact  tliat  when  tlie  nitrate  was  heated  for  27  hours  with  Nal  in  acetone  under  conditions 
described  in  [3j,  a-iodopropionic  acid  was  obtained  only  in  6‘7o  yield. 

EXPERIMENTAL 

Reaction  of  nitropropylene  with  HNO3.  5  g  of  nitropropylene  was  gradually  added  to  30  ml  of  nitric  acid 
(d  1.5)  witli  vigorous  stirring,  while  the  temperature  was  maintained  not  higher  than  40*  by  means  of  external 
cooling.  During  this  process  oxides  of  nitrogen  were  evolved.  Stirring  was  continued  until  spontaneous  evolution 


•  The  infrared  spectra  were  determined  by  V.  1.  Slovetslui  in  an  IKS- 11  instrument. 
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of  heat  teased,  then  the  mixture  was  poured  onto  Itc,  extracted  with  ether,  and  die  ether  extract  was  washed 
wldi  water  and  dried  over  sodium  sulfate.  After  removal  of  die  ether  in  vacuo,  the  oil  that  was  obtained  was 
repeatedly  washed  with  petroleum  ether  (to  remove  unstable  products)  and  distilled  in  vacuo.  The  yield  was 
3  g  CiTio).  * 

B.  p.  9G*  (3  mm),  n^D  1.435G,  d®4  1.3G72. 

The  infrared  spectrum  contained  the  following  bands:  840-870  ,  943,  1035,  1087,  1140,  1245,  1290, 
1340,  1355,  1425,  1460,  1570,  1G50,  1730  cm'^ 

Found 'yo:  G  26.36  ,  26.50;  H  3.90.  3.86;  N  9.84,  9.89.  M  140.  CafigOsN.  Calculated  7a;  C  26.67; 

H  3.73;  N  10.37.  M  135. 

Amide  of  die  nitrate  of  lactic  acid.  1  g  of  die  nitrate  of  lactic  acid  was  heated  on  a  water  bath  with 
5  ml  of  SOCI2  for  4  hours,  dieii  the  excess  SOClj  was  distilled  off  in  vacuo  and  the  residue  was  poured  into 
15  ml  of  concentrated  NH4OH.  The  product  was  extracted  with  edier  and  formed  crystals,  m.  p.  97-98* 

(from  benzene).  The  yield  was  0.3  g  (3l7o). 

Found  7c:  C  26.55,  26.82;  H  4.41,  4.48;  N  20.96,  20.70,  C3H6O4N2.  Calculated  7o:  C  26.88; 

H  4.51;  N  20.89. 

Ethyl  ester  cf  the  nitrate  of  lactic  acid.  1.3  g  of  the  nitrate  of  lactic  acid,  20  ml  of  anhydrous  alcohol, 
and  2  drops  of  <  r  ciitrated  H2SO4  were  heated  for  8  hours  on  a  water  badi,  dien  evaporated  and  poured  over 
ice.  The  oil  separated  out  was  extracted  with  ether,  washed  with  sodium  carbonate  solution  and  with 
water,  and  dried  over  Na2S04.  After  distillation  in  vacuo,  0.54  g  (33  ’/o)  of  tlie  ethyl  ester  was  obtained  with 
b.  p.  82-83*  (io  mm),  n^D  1.4157. 

Found  7o:  C  36.60,  36.65;  H  5.56,  5.49;  N  8.80,  8.76.  CgHjOgN.  Calculated  7o;  C  36.81; 

H  5.56;  N  8.59. 

Nitration  of  zinc  salt  of  lactic  acid.  5  g  of  zinc  lactate  was  added  in  small  portions,  with  stirring,  to  a 
mixture  of  4.6  ml  of  HNO3  (d  1.5)  and  5.5  ml  of  H2SO4  (d  1.84),  stirring  was  continued  for  1  hour  mote, 
then  the  mixture  was  poured  onto  ice,  extracted  wltli  ether,  and  the  etlier  solution  was  washed  with  water  and 
dried  over  Na2S04.  After  evaporation  of  the  ether,  the  residue  was  distilled  in  vacuo.  The  yield  was  2.3  g 
(52.5 7o).  B.  p.  115-115.5’  (6  mm).  From  tlie  acid  thus  obtained  an  amide  was  prepared  which  melted  at 
97-93*  and  gave  no  depression  in  melting  point  when  mixed  with  the  amide  prepared  from  nitropropylene. 

Reaction  of  l-nitrobiitene-l  witli  HNO3.  The  reaction  was  carried  out  In  a  manner  similar  to  that 
described  for  nitropropylene.  3.5  g  (47  /(>)  of  tire  nitrate  of  a-hydroxybutyric  acid  was  obtained. 

B.  p.  115*  (2  mm),  n®D  1.4365,  d^4  1.2849.  Molecular  weight  determined  by  potentiometric  titration 
146.3  and  147.9.  Calculated  molecular  weight  149.  Determination  of  the  molecular  weight  cryoscopically 
in  benzene  gave  the  double  value  290,  as  would  be  expected  for  carboxylic  acids.  The  IR  spectrum  contained 
die  following  bands:  840-870,  925,  950,  990,  1050,  1110,  1140,  1290,  1355,  1395,  1445,  1465,  1560, 
1650,  and  1730  cm‘^ 

Found  70;  C  31.71,  31.50;  H  4.78,  4.78;  N  9.11,  8.90.  C4H7O5N.  Calculated  7o:  C  32.22; 

H  4.73;  N  9.40. 

Amide  of  die  nitrate  01  a-hydroxybutyric  acid.  The  amide  was  obtained  in  907>>  yield.  M.  p.  70-72* 
(from  a  mixture  of  benzene  and  petroleum  edier). 

Found  7o:  C  32.73;  H  5.30;  N  18.69,  18.60.  C4H8O4N2.  Calculated  7o:  C  32.43;  H  5.44; 

N  18.91. 


*  A  change  In  the  reaction  temperature  from  0  to  60*  and  In  the  concentration  of  HNO3  to  707o  did  not  effect 
the  nature  of  die  product.  The  conditions  given  afforded  the  maximum  yield. 
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SUMMARY 


The  action  of  nitric  acid  on  1-nlttoalkencs  has  been  studied  and  it  has  been  shown  that  under  die  con¬ 
ditions  used  the  nitrates  of  a-hydroxy  carboxylic  acids  are  produced. 
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Up  to  the  present  time  a  rather  large  number  of  0,0-dlalkyl  alkylmercaptomethyl  dlthlophosphates  have 
been  described  In  the  literature  that  are  rather  active  systemic  insecticides  [Ij,  and  0,0-dlethylethylmercapto- 
methyl  dithiophosphate  has  come  Into  practical  use  for  the  treatment  of  cotton  seeds  to  protect  the  young  plants 
from  attack  by  soll-inliablting  pests  [2].  However,  a  serious  deficiency  of  this  group  of  esters  is  their  high  toxicity 
for  warm-blooded  animals,  which  substantially  diminishes  their  value  as  Insecticides  and  limits  their  practical 
use.  According  to  information  in  [3,  4],  the  0,0-dialk\T  arylmercaptomethyl  dithiophosphates  are  considerably 
less  toxic,  and  0,0-dietliyl  p-chlorophenylmercaptomethyl  dithiophosphate  (Trithion,  USA)  and  0,0-diethyl- 
2,5-dlchlorophenylmercaptomethyl  dithiophosphate  (Phenkapton*  Switzerland)  are  used  in  practice  as  acarlcides 
and  contact  insecticides. 

In  connection  with  the  information  presented  above,  it  was  of  interest  to  study  in  more  detail  the  0,0- 
dlalkyl  arylmercaptomethyl  dithiophosphates,  since  we  might  expect  to  obtain  active  insecticides  among  this 
group  that  would  be  sufficiently  safe  for  man  and  domestic  animals.  The  investigation  of  tliis  group  of  materials 
was  the  more  interesting  because  not  more  tlian  four  representatives  of  this  series  appear  in  the  literature  [3,  4J. 

We  prepared  tlie  0,0-dialkyl  arylmercaptometliyl  dithiophosphates  by  reacting  salts  of  the  dialkyl - 
dlthiophosphoric  acid  witli  a  chlorometliylaryl  sulfide  in  some  organic  solvent,  usually  benzene  or  alcohol. 

(llOJoHSSMc-l-CICHjSAr-^  ( UOJal’SSCHzSAr MoCl 

The  compounds  that  we  prepared  and  tlieir  properties  are  given  in  the  table.  Most  of  the  compounds  shown 
in  the  table  have  not  been  described  in  the  literature. 

An  investigation  of  die  insecticidal  properties  of  diese  compounds  made  by  P.  V.  Popov  and  N.  S.  Ukralneis 
on  the  granary  weevil  showed  diat  0,0- dimethyl  and  0,0- diethyl  arylmercaptomediyl  dithiophosphates  were  the 
most  active.  As  die  aliphatic  ester  radical  increased  in  size,  die  insecticidal  activity  decreased  sharply. 

EXPERIMENTAL 

Preparation  of  the  0,0- dialkyl  arylmercaptomethyl  dithiophosphates  was  carried  out  under  the  following 
conditions;  Equimolar  quantities  of  potassium  or  sodium  dialkyl  dldiiophosphate  and  chloromethyl  aryl  sulfide 
were  plac'id  in  a  flask  equipped  widi  a  reflux  condenser  and  a  mechanical  stirrer.  The  mixture  obtained  was 

•  Name  not  verified. 
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diluted  wltli  solvent  (5-6  times  tlie  amount  by  weight  of  tlte  reactants)  and  boiled  for  5-6  hours  with  efficient 
stirring.  As  tlie  solvent  wc  used  either  benzene  or  an  alcohol  having  the  same  radical  as  entered  into  the  molecule 
of  tlie  dlalkyl  ditliiophosphate.  After  tlie  reaction  was  over,  the  mixture  was  treated  wltli  water  and  exuacted  with 
benzene  or  ctlier;  tlie  solution  obtained  was  washed  with  water  and  dried  over  calcium  chloride  or  sulfate,  tlie 
solvent  was  distilled  off,  and  the  material  obtained  was  fractionated  in  high  vacuum.  Tlie  compounds  syntliesized 
and  tlielr  properties  are  shown  In  the  table.  If  tlie  compound  prepared  decomposed  on  distillation  in  high  vacuum, 
then  the  light  fractions  were  distilled  off  from  it  in  vacuum  on  a  boiling-water  batli  and  it  was  analyzed  without 
further  purification. 


Properties  of  0,0- Dialkyl  Arylmercaptomethyl  Diihiophosphates 


Formula 

Yield 

00) 

B.  p,  (pressure 
In  mm) 

7.P 

found 

calc. 

C6n;,scii2Ssr(0C2iir.)2 

30 

128°  (0.03) 

1.20i4 

1.5000 

10.21, 

10.04 

10.07 

CollbSCHzSSPfOCTlI^)^ 

68 

130—142  (0.08) 

1.1670 

1.5726 

9.21 

9.20* 

C,;llr,SCll2SSl'lOC3ll7  Iso  ;2 

73 

133  (0.18) 

1.1601 

1..5720 

9.06,  9.15 

9.20 

ConnSCll2SSI’(OC4U,,i2 

63 

175  (0.15) 

1.1227 

1 .5583 

8.24,8.15 

8.49 

Cg  1 1  r,SC  1 1 2SS 1  ’( OC4 1 1 iso)2 

4!) 

151-152  (0.18) 

1.1214 

1.567;i 

7.72,  7.66 

8.49 

4-ci(.;6ii4St:iioSsi'(C-.iir,).. 

63 

143  (0.06) 

1.2763 

1 .5932 

8.97.  9.07 

0.04 

4-ci(:cii4Scii2Ssi'((;;ji[7)2 

63 

180—182  (0.251 

1.2260 

1.5808 

8.33,  8.67 

8.35 

4  -C  ICr,  1  i  4  sc  1 1 2SS 1  ’(C3 1 1 7  -  iso  >•> 

75 

1  Not  1 

1.2259 

1.5775 

7.93,  7.92 

8.35 

4-ciC6U4Scii2Ssr(C4ii„)2 

65 

1  distilled  1 

1.1721 

1.5685 

7.12,  7.30 

7.76 

•Found -Vo:  C  46.27;  H  6.57.  Calculated C  46.69;  H  6.29. 

SUMMARY 

In  a  search  for  effective  insecticides,  a  number  of  0,0- dialkyl  arylmercaptomethyl  dithiophosphates  have 
been  prepared  which  have  not  previously  been  described  in  the  literature.  It  has  been  established  by  tests  that 
the  first  members  of  this  series  have  rather  high  insecticidal  activity.  The  activity  decreases  witli  an  increase 
in  tlie  size  of  the  aliphatic  ester  radical. 
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It  has  recently  been  shown  in  our  laboratory  that  when  magnesium  ethylate  reacts  with  phosphorus  thlo- 
trichlorlde  or  alkyl  dlchlorothiophosphates,  it  is  possible  to  obtain  good  yields  of  the  corresponding  dialkyl 
chlorothlophosphates  [1-3];  in  this  process,  the  reaction  of  magnesium  etliylate  wltlt  phosphorus  tliiotrichloride 
goes  the  most  easily,  the  reaction  witli  alkyl  dichlorotltlophosphates  goes  somewhat  more  slowly,  and  tliat  witlt 
dlalkyl  chlorothlophosphates  still  more  slowly. 

In  connection  witli  a  study  of  methods  of  preparing  substituted  aliphatic-aromatic  esters  of  thiophosphoric 
acid,  which  are  ratlier  widely  used  in  agriculture  for  combatting  plant  pests,  it  was  of  interest  to  Investigate  the 
reaction  of  magnesium  ethylate  witli  aryl  dlchlorotliiophosphates.  This  also  was  of  theoretical  interest,  because 
it  could  provide  information  on  the  relationship  of  tlie  reactivity  of  derivatives  of  the  chlorothlophosphoric  acids 
to  their  structure. 

Our  experiments,  which  are  described  in  detail  in  die  experimental  section  of  this  communication,  showed 
that  the  reaction  of  aryl  dlchlorotliiophosphates  widi  magnesium  ethylate  may  proceed  according  to  the  following 
paths,  depending  on  die  conditions. 


2  ArOPSCla-l- (C2H:,0)2Mg  — >  2  ArUv 

>PSC1  +  MgCla 

C2llr,0/ 

2  ArO. 

>PSCl -f  (ColI  .OJ.Mg  2  ArOPSfOCollr.Ja-l-  MgCia 
Call-.O/ 

2  ArOPS(OC2n:,)2  4- (Call.-.OJoMg  2(C2n:,0)2PS  -{-(ArOJaMg 


(1) 

(2) 

(3) 


If  the  aryl  dichlorodiiophosphates  are  reacted  with  magnesium  ethylate  in  stoichiometric  proportions,  then 
die  main  product  of  the  reaction  is  an  alkyl  aryl  chlorothiophosphate,  which  can  be  isolated  in  very  satisfactory 
yield;  the  corresponding  diediyl  aryl  diiophosphates  are  obtained  in  still  better  yields.  Reaction  (3)  takes  place 
only  when  a  large  excess  of  magnesium  ethylate  is  used  and  die  reaction  mixture  is  heated  for  a  long  time. 
However,  even  under  such  conditions  not  all  die  diediyl  aryl  diiophosptiates  are  capable  of  replacing  the  aryl 
radical  by  ediyl  widi  sufficient  rapidity  when  acted  on  by  magnesium  eUiylate,  The  transesterification  reaction 
goes  widi  sufficient  rapidity  for  die  p-nitrophenyl  and  2,4,5- trichloroediyl  esters  of  dicthyldiiophosphoric  acid, 
but  die  phenyl  and  p-chlorophenyl  esters  of  diis  acid  react  widi  magnesium  ethylate  so  slowly  diat  even  after 
heating  them  for  30  hours  it  is  not  possible  to  isolate  appreciable  quantities  of  die  triethyl  diiophosphate.  A 
similar  picture  is  observed  when  esters  of  phosphoric  acid  react  with  sodium  alcoholates  [<!]. 
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Tlie  activity  of  0,0-diethyl  O- (4-nltrophenyl)thIophospiiate  and  0,0-dlediyl  O- (2,4,5- tilchlorophenyl)- 
Uilophosphatc  In  reactions  wltli  magnesium  ethylate  apparently  Is  connected  wiili  tlie  acid  nature  of  tlie  radicals, 
which,  as  is  well  known,  split  off  comparatively  easily  also  under  the  influetice  of  alkalis  [5,  6J. 

EXPERIMENTAL 

1.  Phenyl  dichlorotlilophosphate  and  magnesium  etliylate.  The  magnesium  ethylate  was  placed  in  a 
flask  equipped  v^'itii  a  reflux  condenser,  dropping  funnel,  and  mechanical  stirrer,  and  to  it  was  added  gradually, 
over  a  period  of  20  minutes,  a  solution  of  phenyl  dichlorotlilophosphate  In  benzene  (80  ml  of  benzene  was  used 
for  each  0,1  mole).  After  addition  of  all  tlie  phenyl  dichlorotlilophosphate,  the  reaction  mixture  was  heated 
for  some  time  at  05-70*.  At  tlic  end  of  the  heating  period,  the  mixture  was  diluted  with  water,  acidified  wltli 
dilute  hydrochloric  acid,  and  the  benzene  layer  was  separated  off.  The  aqueous- alcoholic  layer  was  repeatedly 
extracted  wltli  benzene,  die  benzene  extracts  v/ere  combined,  washed  with  water,  and  dried,  tlie  benzene  was 
distilled  off,  and  the  residue  was  fractionated  in  vacuo.  Since  the  experiments  were  carried  out  under  various 
conditions,  die  data  for  the  principal  ones  are  given  below. 

a)  0.1  mole  of  phenyl  dic.hlorodiiophosphate  was  used  to  0.05  mole  of  magnesium  ediylate.  Heating  was 
continued  for  3.5  hours.  The  yield  of  0-ediyl  O-phenyl  chlorodilophosphate  was  64%. 

B.p.  95-100*  (0.2  mm),  d®4  1.2666,  n^D  1.542. 

Found  %;  P  13.40,  13.37;  Cl  14.63.  CsHiqOjPSCI.  Calculated  %:  P  13.30;  Cl  15.04. 

b)  0.05  mole  of  phenyl  dichlorothiophosphate  was  used  to  0.1  mole  of  magnesium  ethylate.  Heating 
was  continued  for  7-17  hours.  The  yield  of  0,0-diediyl  O-phenyl  thiophosphate  was  82-91%. 

B.  p.  120-122“  (0.8  mm),  154-156*  (11  mm),  d®4  1.1763,  n^D  1.5155. 

Found  %:  P  12.48,  12.83.  C10H15O3PS.  Calculated  %;  P  12.60. 

In  order  to  clarify  the  course  of  die  transesterification,  an  experiment  also  was  set  up  In  which  0.1  mole 
of  0,0- diethyl  O-phenyl  thiophosphate  was  heated  widi  0.2  mole  of  magnesium  ediylate  for  30  hours  at  65-70*. 
After  completion  of  the  heating  period  and  appropriate  treatment,  unchanged  0,0- diethyl  O-phenyl  diio- 
phosphate  was  isolated. 

2.  4-Chlorophenyl  dichlorothiophosphate  and  magnesium  ethylate.  The  reaction  of  0.3  mole  of  magnesium 
ediylate  with  0.1  mole  of  4-chlorophcnyl  dichlorothiophosphate  was  carried  out  under  the  conditions  described 
above.  Heating  was  continued  for  14  and  30  hours.  In  all  cases  only  0,0- diethyl  0-(4-chlorophenyl)diio- 
phosphate  was  isolated.  The  yield  was  71%.  B.  p.  123-127"  (0.25  mm),  d®^  1.2240,  n®D  1.5208. 

Found  %:  P  10.72,  10.56.  CioH^^OsClSP.  Calculated  %;  P  10.70. 

3.  4-Nitrophenyldlchlorodiiophosphatc  and  magnesium  ethylate,  a)  The  reaction  of  0.05  mole  of 
magnesium  ediylate  widi  0.1  mole  of  4-nitrophcnyl  dichlorodiiophospliate  was  carried  out  under  die  conditions 
described  above.  Heating  was  continued  for  1.5  hours  at  38-40".  0-Ediyl  0-(4-nitrophenyl) chlorothiophosphate 
was  isolated  in  61%  yield. 

B.p.  165-170*  (0.4  mm),  d^^  1.4151,  n^D  1.5810. 

Found  %:  P  10.93,  10.85;  Cl  11.82.  CgH,02NClSP.  Calculated  %:  P  11.06;  Cl  12.61. 

The  O-eUiyl  O- (4- nitrophenyl) chlorothiophosphate  prepared  by  a  different  mediod  had  close  to  the  same 
consul! ts  [7j. 

b)  0.1-0. 3  mole  of  magnesium  ethylate  and  0.1  mole  of  4-nitrophcnyl  dichlorothiophosphate  were  used. 
Heating  was  continued  for  3  houn  at  55*.  0,0- Diethyl  O- (4- nitrophenyl)  thiophosphate  was  isolated  in  77-79% 
yield. 

B.  p.  156-158*  (0.3  mm),  d^4  1.2704,  n^D  1.5420.  According  to  data  in  [8J;  d®4  1.2655,  n^D 
1.5370. 


Found  7o;  V  10.20,  10.37.  CjjlIi^OjNSP. 


Calculated '7i);  P  10. GO. 


c)  0.3  mole  of  magnesium  ethylate  and  0.1  mole  of  4-nltrophenyl  dlchlorothiophosphatc  were  used. 
Heating  was  continued  for  C  hours  at  GO-GO*.  Treatment  of  the  reaction  mixture  in  this  case  differed  In  tlie 
following  respects;  After  extraction  with  benzene,  the  iTcnzene  solution  was  extracted  witli  an  aqueous  solution 
of  sodium  acetate  and  tJien  furtlier  treated  as  descrllicd  In  experiment  1,  but  p-nitrophenol  separated  from  the 
sodium  carbonate  solution  after  acidification  and  was  extracted  with  etlier  and  recrystallized  from  water  after 
the  ether  had  been  removed.  The  yield  of  0,0-dictliyl  0-(4-nltrophcnyl)  tliiophosphate  In  tills  experiment 
was  40'Vo.  p-Nitroplienol  with  m.  p.  112*  was  Isolated  in  28^o  yield,  and  0,0,0- trlethyl  tliiophosphate  In  30*70 
yield.  B.  p.  51-62*  (0.3  mm),  d®^  1.0746,  n^D  1.4498,  wliich  is  In  agreement  with  the  constants  Indicated 
In  [9]. 

Found  *7o:  P  15.51,  15.38.  C8H15O3SP.  Calculated  <7o:  P  15.65. 

4.  2,4,5-Trichlorophenyl  dlchlorothlophosphate  and  magnesium  ethylate.  The  reaction  of  0.3  mole  of 
magnesium  etliylate  and  0.1  mole  of  2,4,5- trlclilorophenyldichlorotliiophosphate  was  carried  out  under  the 
conditions  of  experiment  3c.  Heating  was  continued  for  18  hours  at  65-70*.  0,0-Dietliyl  O- (2,4,5- irlchloro- 
phenyl)  tliiophosphate  was  Isolated  in  yield. 

B.  p.  130*  (0.13  mm),  d"^  1.3694,  n^D  1.5402.  According  to  data  in  [10]:  d"^  1.3695,  n®D 
1.5412. 

Found  *7o:  P  8.8.  CjoHj^OjClSP.  Calculated  *7o:  P  8.35. 

2,4,5- Trlchlorophenol  was  Isolated  In  13%  yield.  M.  p.  62*. 

Found  %:  Cl  53.1.  CeHjOCl,.  Calculated  %:  Cl  53.83. 

Trlethyl  thiophosphate  was  obtained  in  15%  yield. 


SU  MMARY 

The  reaction  of  magnesium  ethylate  with  aryl  dichlorothlophosphates  has  been  studied.  It  has  been 
shown  that  magnesium  ethylate  reacts  witli  aryl  dichlorothlophosphates  according  to  schemes  (l)  and  (2). 

In  the  case  of  4-nltrophenyl  and  2,4,5- trlchlorophenyl  dichlorothlophosphates  a  transesterification  reaction 
also  takes  place  according  to  scheme  (3). 
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It  is  well  known  tliat  in  recent  years  wide  use  has  been  made  in  agriculture  for  plant  pest  control  of 
cliemlcal  agents  consisting  of  organic  compounds  of  phosphorus  (mainly  mixed  esters  of  thio-  and  dithiophosphoric 
acids),  wlrich  have  almost  completely  supplanted  such  insecticides  of  plant  origin  as  nicotine,  anabasine,  and 
tlie  like.  In  this  connection,  intensive  research  is  being  carried  on  in  various  countries  both  to  discover  active 
new  materials  and  to  study  the  mechanism  of  action  of  orga nophosphorus  compounds  on  insects  [1,  2],  since  the 
establishment  of  the  meclianism  of  action  of  tliis  class  of  compounds  should  facilitate  tlieir  directed  synthesis. 

According  to  present  ideas,  die  mechanism  of  insecticidal  and  other  biological  action  of  die  organic  com¬ 
pounds  of  phosphorus  is  connected  with  the  phospliorylation  of  such  an  enzyme  as  cholinesterase  (or  similar  ones), 
as  a  result  of  which  the  normal  life  functions  of  die  insect  organism  are  disrupted  [1-4].  Usually,  such  a  phosphoryla¬ 
tion  process  takes  place  most  easily  with  compounds  that  have  an  electrophilic  radical  in  dielr  makeup,  which  is 
readily  split  out  under  die  action  of  water  or  other  reagents  [3,  4], 

However,  it  has  recently  been  established  in  our  laboratory  diat  high  insecticidal  activity  also  is  shown  by 
some  organic  phosphorus  compounds  that  do  not  contain  such  easily  detachable  radicals  on  the  phosphorus  [5]; 
moreover,  the  insecticidal  activity  changes  sharply  on  going,  for  example,  from  the  esters  of  phosphonoacetic 
acid  to  die  esters  of  phosphonothioacetic  acid,  in  which  die  acetic  acid  group  (  — CH2COOH)  is  rather  securely 
bound  to  the  phosphorus  and  does  not  split  off  even  on  prolonged  heating  in  acid  medium  [6].  In  the  patent 
literature  diere  are  also  odier  similar  examples  [7]. 

On  the  basis  of  diese  observations,  it  was  suggested  that  the  phosphorylation  of  cholinesterase  by  means  of 
substitution  cannot  be  die  sole  explanation  of  the  effect  of  organopliosphorus  insecticides,  especially  since  in 
some  pests  of  plants  the  inliibition  of  cholinesterase  does  not  result  in  deadi.  Another  possible  direction  of  action 
of  die  organopliosphorus  insecticides  apparently  is  the  formation  of  quaternary  ammonium  salts  as  a  result  of  die 
reaction  of  esters  of  dilo-  and  dithiophosphoric  acids  with  tertiary  nitrogen  atoms  present  in  many  enzymes  and 
also  in  nucleic  acids. 

In  order  to  verify  this  hypodicsis  we  undertook  a  study  of  the  reaction  of  esters  of  thio-  and  dithiophosphoric 
acids  with  tertiary  amines,  since  such  compounds  are  not  described  in  die  literature.  As  a  result  of  our  experiments, 
we  were  able  to  establish  that  esters  of  diio-  and  dithiophosplioric  acids  react  widi  more  or  less  ease  widi  tertiary 
amines  to  form  the  corresponding  ammonium  salt  as  the  main  product.  The  esters  of  thiophosphorlc  acid  con¬ 
taining  at  least  one  medioxy  group  in  die  molecule,  and  also  acid  aromatic  radicals,reacted  the  most  easily. 
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The  coiiipoiinds  that  we  prepared  and  Uieir  properties  are  shown  in  the  table.  Almost  all  of  tlie  compounds 
syntlieslzed  were  readily  soluble  in  water  and  were  very  hygroscopic.  Tlie  salts  prepared  took  up  water  so  rapidly 
In  an  open  vessel  that  tJiey  changed  literally  before  our  eyes  in  ilie  time  taken  to  weigh  them  for  analysis.  As 
can  be  seen  from  tiie  data  in  the  table,  it  was  possible  to  prepare  quaternary  salts  not  only  from  tlie  aliphatic,  but 
also  from  die  aromatic  esters. 


EXPERIMENTAL 

The  quaternary  salts  were  prepared  from  tertiary  amines  and  tlie  esters  of  thlo-  and  dithiophosphorlc  acids 
under  tlie  following  conditions.  A  mixture  of  equimolar  quantities  of  tertiary  amine  and  ester  of  thiophosphorlc 
acid  was  placed  in  a  flask  equipped  with  a  reflux  condenser  having  a  calcium  chloride  tube  to  prevent  the 
entrance  of  moisture  from  the  air  and  was  heated  for  2-5  hours  on  a  boiling-water  batli.  In  the  case  of  a  solid 
ester  of  thiophosphorlc  acid,  it  was  dissolved  in  benzene  and  the  reaction  was  carried  out  in  tliis  solvent.  After 
the  reaction  was  ended,  the  cooled  reaction  mixture  was  washed  with  hot  benzene  and  etlier,  and  then  the  product 
which  was  Insoluble  in  tlie  organic  solvent  was  separated  and  kept  under  vacuum  of  7-10  mm  on  a  boiling-water 
bath  for  30  minutes.  The  material  obtained  was  analyzed  and  its  constants  were  determined.  The  density  was 
not  determined  because  of  the  very  highly  hygroscopic  nature  of  the  product.  The  compounds  prepared  and  their 
properties  are  given  in  the  table. 


Properties  of  Salts  of  Quaternary  Ammonium  Bases  wlth'Thiophosphates 


% 

P 

% 

N 

Formula 

Yield 
(in  * ••70) 

i 

found 

calc. 

found 

calc. 

(Cll30)3rSN(C2H5)3 

67 

1.5010 

11.81 

12.00 

11.95 

— 

— 

C4ll80PS(0CIl3)2N(C2n5)3 

50 

1.4905 

11.04 

10.30 

4.45 

4.39 

4.70 

iso  -C5lInOPS(OCH3)2N(C2H5)3 

41 

1.4S92 

9.55 

9.56 

9.82 

4.04 

4.47 

(C2n50)2PS0CH3N(C2Hr,)3 

23 

1.4909 

10.95 

10.96 

10.85 

— 

— 

4-02NC6H40PS(0CHa)2N(C2H.,)3 

60 

1.5650 

9.07 

8.50 

6.98 

7.70 

4-OoN(:oU40l’S(OColl02N(C2ll5)3 

69 

1.5530 

6.35 

7.15 

— 

— 

(4:62NC6H40)2l’SOC2il5N{C2U5)3 

32 

* 

8.42 

8.61 

8.65 

6.08 

6.47 

6.34 

{4-02NCoH40)3rSN(C2n6)3 

81 

*  « 

5.64 

5.61 

5.37 

1 

— 

— 

(CH30)3PSNC5H5 

17 

1.5416 

11.30 

11.75 

11.18 

— 

— 

(CIl30)3PSN(CIl3)2C6H5 

37 

1.5490 

— 

— 

5.51 

5.69 

5.95 

(CH30)2PSSCiIC00CoIl5N(C2ll5)3 

1 

CU2COOC2H5 

79 

1.5100 

6.48 

7.17 

3.02 

2.81 

3.24 

•  M.  p.  67*. 

••  M.  p.  96*. 

SUMMARY 

A  new  idea  has  been  considered  concerning  die  mechanism  of  action  of  insecticides  on  Insects.  In  order 
to. confirm  the  suggested  mechanism  of  action  of  tlilo-  and  dithiophosphates  on  Insects,  a  study  has  been  made 
of  the  reaction  of  tertiary  amines  witli  esters  of  thio-  and  dlthiophospliorlc  acids.  It  has  been  shown  that  in  this 
reaction  the  salts  of  quaternary  ammonium  bases  are  formed  in  considerable  yields.  None  of  the  compounds 
synthesized  have  been  described  in  die  literature  previously. 


211 


LITERATURE  CITED 


[1]  G.  Schrader,  Die  Entwlcklung  neuer  Insektizide  auf  Grundlage  organischer  Fluor-  und  Phosphor- 
Verblndungen.  (Wclnhelm,  1952). 

[2]  J.  E.  Casida,  J.  Agr.  Food  Chem,  772  (1956). 

[3j  T.  R.  Fiikuto  and  R.  L.  Metcalf,  J.  Agr.  Food  Qicm.  930  (1956). 

[4]  T.  R.  Fukuto,  The  Chemistry  and  Action  of  Organic  Phosphorus  Insecticides,  Advances  in  Pest  Control 
Research,  I.  (New  York,  1957). 

[5]  N.  N.  Mel'nikov,  Ya.  A.  Mandel’bauni,  and  V.  I.  Lomakina,  Zhur.  Obshchei  Khim.  29,  3289  (1959).* 

[6J  A.  E.  Arbuzov  and  A.  A.  Dunin,  Zhur.  Russ.  Khim.  Obshchestva  4£,  295  (1914);  A.  E.  Arbuzov, 

Zhur.  Russ.  Khim.  Obshchestva  M,  239  (1927). 

17]  U.  S.  Patent  2,652,416;  Qiem.  Abstr.  10053  (1954);  Fed.  German  Rep.  Patent  938,186;  Chem. 
Zentr.  127,  14480  (1956). 


212 


FROM  THE  FIELD  OF  ORGANIC  I  NS  E  C  T  OF  U  N  G  I C  I  DE  S 
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Various  dltliiophosphoric  acid  esters  are  acquiring  ever  greater  importance  as  chemical  agents  for  the 
control  of  plant  pests  and  also,  of  late,  as  chemical  agents  for  tlie  removal  of  leaves  from  cotton  plants  for  the 
purpose  of  mechanizing  cotton  harvesting.  Among  the  salts  of  dithiophosphorlc  acid  diesters,  potassium  dlbutyl 
dlthiophosphate  [1,  2]  proved  to  be  an  active  cotton  defoliant,  and  tributyl  trlthiophosphate  is  considered  one 
of  die  fastest-acting  defoliants  [3].  In  connection  widi  the  above,  the  study  of  this  group  of  compounds  Is  of 
great  practical  interest,  especially  since  the  number  of  dithlophosphoric  acid  esters  described  until  now  Is  very 
limited. 

Only  a  few  reactions  for  the  preparation  of  dithiophosphoric  acid  esters  are  described  In  the  literature;  The 
most  Important  of  these  are  the  addition  of  acid  esters  of  dithiophosphoric  acid  to  the  double  bond  of  unsaturated 
compounds  [4-6]  and  the  Interaction  of  alkyl  halides  with  alkali  dialkyl  dlthiophosphates  [7-10], 

In  connection  with  the  search  for  new  Insecticides  and  defoliants,  we  studied  the  reactions  of  dialkyl  and 
trlalkyl  phosphites  with  bis  (dialkylthiophosphonyl)  disulfides  [bis (dialkoxytliiophosphon)  disulfides].  It  was 
experimentally  established  that  the  reaction  of  bis  (dialkylthiophosphonyl)  disulfides  [bls(dialkoxythiophosphon)- 
disulfides]  with  dialkyl  phosphites  in  the  presence  of  triethylamine  goes  according  to  the  following  general 
scheme;  l.e.,  the  disulfide  is  reductively  alkylated,  and  the  corresponding  dithiophosphoric  acid  esters  are 
obtained  in  good  yields. 

l(RO)2PSl2S2-i-(R'0)2POHN(C2H5)3  — >  2  (ROJjPSSR' -f  (CaHr.JjNMPOa) 

We  studied  10  instances  of  this  reaction.  The  compounds  obtained  and  their  properties  are  given  In  Table  1. 
Only  a  few  of  tliese  compounds  are  described  in  [7-9]. 

The  reaction  of  bis  (dialkylthiophosphonyl)  disulfides  [bis  (dlalkoxythlophosphon)  disulfides]  with  trlalkyl 
phosphites  takes  place  wltli  the  formation  botli  of  trialkyl  ditliiophosphates  and  unsymmetrlcal  tetraalkyl  dlthio- 
pyrophosphates  not  previously  described  In  the  literature.  This  reaction  may  be  represented  by  the  following 
equation. 


1(R0)2PSJ2S2-|-(R'0)3P  (R0)2PSSR' 4- (RO)2PSSPO(OIV)j 


213 


The  yields  of  boili  trlalkyl  diihiopliosphates  and  tetraalkyl  dithiopyrophosphates  In  this  reaction  are  good, 
but  certain  other  substances  arc  obtained  in  small  amounts  as  byproducts.  The  compounds,  which  we  obtained 
through  the  Interaction  of  trialkyl  phosphites  witli  bis  (dialkylthiophosphonyl)  disulfides  [bis(dialkoxytltlophosphon)- 
disulfldesj,  and  their  properties  are  given  in  Table  2. 

TABLE  1 

Properties  of  Trlalkyl  DItliiophosphates  Prepared  from  Dialkyl  Phosphites  and  bis(DIalkylthio> 
phosplionyl)  Disulfides  [bis(dialkoxytiuophosphon) disulfides] 


1 

13.  p. 

Ar/f,  1 

1> 

Formula 

g 

aJ 

(pressure 

in  mm) 

TJ 

C 

calc. 

found 

calc. 

(Cll30),P(S)SCH3* 

70 

51-52° 

(0.2) 

1.2338 

1.5200 

42.09 

42.73 

18..35. 

18.31 

17.98 

(C2nf.0)2i’(S)Scii3 

88 

63.5-6 'i 
(O.OSI 

1.1951 

1.5100 

.52.59 

51.97 

15.68, 

1.5.41 

15.47 

(C3H,0)2P(S)S(:ii3 

53 

68—70 

(O.li 

1.0806 

1.5008 

62.22 

61.20 

13.49, 

13.60 

13.57 

(iso-C3H70)2P(S)SGll3** 

80 

60-60.5 

(0.07) 

1.0736 

1.1950 

62.01 

61.20 

13.50, 

14.20 

13.57 

(C4noO)2p(S)scii3 

63 

89—90  . 
(0.08) 

1.0510 

1.4960 

71.01 

71.45 

11.48, 

11.39 

12.08 

(iso-C4H90)2P(S)SCIl3 

78 

75—76 

(0.07) 

1.0183 

1.1930 

71.06 

71.45 

12.40, 

12.80 

12.08 

(Cll30)2p(S)SC2ll5 

32 

48—50 

(0.08) 

1.1611 

1.4958 

46.72 

47.34 

17.05, 

17.10 

16.65 

(C2H;.0)2l’lS)SG2llr/** 

61 

57-58 

(O.OSi 

1.1111 

1.5050 

57.20 

56.58 

14.10 

14.45 

(C3ll70)2P(S)SG2Hr, 

57 

7iJ.5— 75  ' 
(0.(J8) 

1.0623 

1.4968 

66.23 

65.82 

12.70, 

12.12 

12.78 

(iso  -C3ll70).,P(S)SG2ll5 

37 

61-62 

(0.08) 

1.0757 

1.4910 

65.24 

65.82 

12.70, 

13.10 

12.78 

•  According  to  the  data  of  [7,  8],  d^^  1.2415,  n^D  1.5292. 

••  According  to  the  data  of  [9],  1.0728,  n^D  1.4960. 

•••  According  to  the  data  of  [7-9],  d^^  1.1168,  n^D  1.5013. 

The  reaction  which  we  studied  may  be  regarded  as  a  special  case  of  tlic  A.  E.  Arbuzov  reanangenient,  and 
it  is  a  simple  and  convenient  method  for  the  preparation  of  various  unsymmetrical  tetraalkyl  dltliiopyrophosphates. 


EXPERIMENTAL 

1.  Interaction  of  bis(dlalkylthiopliosphonyl)  disulfides  [bis (dlalkoxythiophosphon)  disulfides]  with  dialkyl 
phosphites  in  tlie  presence  of  triethylamine.  Into  a  flask  provided  with  a  reflux  condenser,  dropping  funnel,  and 
mcclianlcal  stirrer  was  put  a  benzene  solution  of  an  equimolar  mixture  of  triethylamine  and  the  dialkyl  phosphite, 
and  tlie  bis  (dialkyltliiophosphonyl)  disulfide  [bis (dL'ilko.xythiophosphon)  disulfide]  was  gradually  added  with  good 
stirring.  Liquid  disulfides  were  added  without  solvent,  wiiereas  solid  ones  were  dissolved  in  benzene.  When  all 
tlie  disulfide  had  been  added,  the  reaction  mixture  was  refluxed  for  2  hours.  The  resulting  solution  was  then 
cooled  and  decanted  from  the  metaphosphate  salt  (which  remained  on  the  bottom  of  the  flask  in  the  form  of  a 
dense,  viscous  mass);  die  benzene  was  driven  off  and  the  residue  distilled  in  vacuo.  Yields  and  constants  of  the 
substances  obtained  are  given  in  Table  1. 

2,  interaction  of  bis  (dialky Idiiophosphonyl)  disulfides  [bis  (dlalkoxythiophosphon)  disulfides]  with  trlalkyl 
phosphites.  To  a  solution  of  the  bis  (dialkylthiophosphonyl)disulfide  [bis  (dlalkoxythiophosphon)  disulfide]  in 
dry  benzene,  an  equimolar  quantity  of  the  trialkyl  phosphite  was  gradually  added  with  good  stirring;  in  this  case. 


TABLE 
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tlie  reaction  mixture  evolved  heat  and  die  temperature  increased  20-30*.  When  all  the  trlalkyl  phosphite  had 
been  added,  the  reaction  mixture  was  boiled  for  2  hours  in  a  water  badi  in  a  flask  provided  wldi  a  reflux  con¬ 
denser.  When  the  reaction  was  flnisiied,  the  benzene  was  driven  off  and  die  residue  fractionated  in  vacuo.  Each 
resulting  fraction  of  the  substance  was  redistilled  for  purification,  and  analyzed.  The  compounds  which  we 
obulned  and  their  properties  are  given  In  Table  2. 

SUMMARY 

1.  A  new  method  has  been  developed  for  the  preparation  of  full  esters  of  dlthiophosphoric  acid  by  treating 
bis (dlalkyldtlophosphonyl) disulfides  [bis (dlalkoxydiiophosphon)  disulfides]  with  dialkyl  phosphites  in  the  presence 
of  irlediylainine. 

2.  The  interaction  of  bls(dialkylthlophosplionyl)  disulfides  [bis (dialkoxytlilophosphon)  disulfides]  with 
trlalkyl  phospliitcs  was  studied,  and  it  was  shown  diat  ulalkyl  dithiophosphates  and  tetraalkyl  dithiopyrophosphates 
are  obtained  in  good  yields  tlirough  this  reaction. 

3.  Most  of  the  phosphorus  acid  esters  synthesized  by  the  new  methods  ate  not  described  in  the  literature. 
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Balbiano  [1]  stated  that  1-phenylpyrazole  Is  acylated  on  heating  to  250  -  260*  with  benzoyl  chloride, 
l-phenyl-4-benzoylpyrazole  presumably  being  formed.  Similarly,  he  benzoylated  1,3,5-trlphenylpyrazole  [2]. 
Later,  Auwers  [3j  benzoylated  1,5-diphenyl-  and  1-phenyl- 5- p-tolylpyrazoles  under  similar  conditions;  however, 
he  did  not  attempt  to  determine  tlie  structures  of  tite  substances  formed. 

We  investigated  this  reaction  in  somewhat  greater  detail.  It  was  found  tliat  the  reaction  with  benzoyl 
chloride,  as  a  rule,  can  also  take  place  under  milder  conditions  (190-200*),  both  1-phenyl-  and  1-alkylpyrazoles 
reacting.  For  instance,  l-mediyl,  1-etliyl-,  1-phenyl-,  and  1- benzyl- 3,5- dimetliylpyrazoles  reacted  smoothly 
witli  benzoyl  chloride,  giving  high  yields  (67-94%),  even  when  tiiey  were  simply  heated  to  boiling  (about  190*). 
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It  is  necessary  to  raise  die  temperature  to  260-270*  only  in  the  presence  of  steric  hindrance  (1,3,5- tri- 
phenylpyrazole)  or  under  the  influence  of  an  elecuonegative  substituent  in  the  pyrazole  nucleus  (1- phenyl- 3- 
me  diy  1-5-  chloropy  razole). 

It  is  of  great  interest  that  introduction  of  mediyl  groups  in  positions  3  and  5  appreciably  facilitates  the 
reaction,  obviously  owing  to  die  electrodotic  effect  of  the  substituents.  Thus,  1- phenyl-3, 5-dimethylpyrazole 
is  benzoylated  witli  83%  yield  at  190-200*  within  12  hours,  aldiough  1- phenyl- 3- mediylpyrazole  reacts  only 
to  die  e.xtent  of  12^0  under  these  conditions.  However,  if  die  reaction  time  is  increased  to  30  hours,  the  yield 
increases  to  60%.  On  heating  3, 5-dimethylpyrazole  with  benzoyl  chloride  to  200*  for  20  hours  we  isolated  only 
l-benzoyl-3, 5-dimethylpyrazole,  although  it  is  stated  in[l]  that  1,4- dibenzoyl- 3,5- dlmediylpyrazole  could  be 
obtained  at  250"  (6  hours). 

For  proof  of  structure  of  the  benzoylpyrazoles  obtained,  we  decided  to  reduce  diem  to  benzylpyrazoles. 
Clemmensen  reduction  gave  unusually  stable  comple.xes  with  zinc  chloride;  the  benzylpyrazoles  could  not  be 
liberated  from  them.  An  attempt  at  reduction  widi  hydriodic  acid  also  was  unsuccessful.  4-Bcnzylpyrazoles 
were  syntliesized  through  die  Kizhner  reduction  with  no  particular  difficulty. 
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V/e  couiucrsyiitliesized  tlie  4-hen7,ylpyrazoles  through  the  condensation  of  bcnzyldlacetylniethane  witli 
the  corresponding  alkylhydrazlnes. 
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The  absorption  spectra  * 
region  (log  c  4.2). 
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Absorption  curves  of  benzoyl- 
pyrazoles  in  ultraviolet  light. 
1)  1,3, 5- triphenyl-4- benzoyl- 
pyrazole  ^ 

4.342);  1- phenyl- 3- nictltyl- 
4-benzoylpyrazole  (Xmax 
247,  log  €  4.305);  1-phenyl- 
3-  mcdiyl-  5-  chloro-  4- 
bcnzoylpyrazolc  (Xj„^x 
log  f  4.415);  2)  1,3,5-tri- 
mcthyl-4-bcnzoylpyrazole 
(X„iax  250,  log  c  4.262); 

1- benzyl- 3, 5-dlinetliyl-  4- 
benzoylpyrazole  ( X  ^^ax  251, 
log  c  4,103);  l-cthyl-3,5- 
diincthyl-4-bcnzoylpyrazole 
(Xiiiax  250,  log  c  4.130); 
l-phcnyl-3,5-dimci]tyl-4- 
bcnzoylpyrazole  CXj^ax  2^15, 
log  c  4.267);  3)  1- benzoyl- 
3, 5- diniethylpyrazole  (\  ,„ax 
255,  log  f  4.041). 


of  all  4-benzoylpyrazoles  investigraed  have  an  absorption  band  in  tlie  243-255  mp 

It  is  a  noteworthy  fact  that  introduction  of  a  benzoyl  radical  in  position 
4  of  the  phenylnyrazole  molecule  causes  practically  no  shift  of  the  absorption 
band  toward  longer  wavelengths  (the  absorption  maximum  lies  near  250  mp 
for  various  phenylpyrazolcs  [4]).  At  tlie  same  time  Introduction  of  a  benzoyl 
radical  in  tlie  1-alkylpyrazolc  nucleus  shifts  tlie  absorption  band  30-40  mp 
toward  longer  wavelengths  (from  210-225  mp  [4]  to  240-255  mp).  Hence, 
after  a  phenyl  group  has  been  substituted  in  any  position  in  tlie  nucleus  of 
pyrazole  (having  X  niax  220  rap  [4]),  tlie  absorption  maximum  is  shifted 
to  tlie  250  mp  region  [4];  further  introduction  of  phenyl  or  benzoyl  sub¬ 
stituents  causes  practically  no  shift  of  die  maximum.  Typical  examples 
of  the  curves  are  sliown  in  the  figure. 

EXPERIMENTAL 

1,3,5-Trlmeihylpyrazolc.  A  520  g  quantity  of  hydrazine  sulfate  was 
mixed  with  1000  ml  of  water  in  a  3- liter  beaker,  and  400  g  of  acctylacetone 
was  tlien  added  during  0.5  hour  v/itli  vigorous  stirring.  When  mixing  t\ias 
complete,  the  mixture  was  left  to  stand  for  4  hours  and  then  cautiously  made 
alkaline  with  480  g  of  solid  sodium  liydroxide,  the  temperature  being  kept 
around  70-80*  by  cooling.  As  soon  as  the  addition  of  alkali  was  finished  at 
70-80®,  512  g  of  dimethyl  sulfate  was  gradually  added,  tlie  temperature 
being  kept  near  80°.  The  mixture  was  then  stirred  for  2  hours,  anotlier 
500  g  of  solid  sodium  hydroxide  and  300  ml  of  benzene  were  added,  and 
Uien,  after  one-half  hour,  tlie  upper,  oil  layer  was  separated.  It  was  dried 
with  fused  potassium  hydroxide  and  distilled.  Yield  of  1,3,5-trimetliyl- 
pyrazole,  348  g  (79^/p),  b.  p.  165-176®  (717  mm)  [5].  In  order  to  free 
this,  as  well  as  oilter  1-alkylpyrazoles,  from  an  admixture  of  nonalkylated 
pyrazole  we  used  die  following  procedure.  Four  ml  of  alcoholic  20% 
sodium  ctlio.\idc  solution  and  0.2  mole  of  acrvionitrile  were  added  to  1 
mole  of  Uic  pyrazole.  The  mixture  was  heated  in  a  water  batli  for  1  hour 
and  tlie  1-mcthylpyrazole  distilled  off  in  tlie  vacuum  of  a  water- jet  pump, 
in  the  boiling  bath.  After  redistillation,  b.  p.  165-167“  (741  inm); 
picratc.  Ill.  p.  148“  [5j. 

l-Denzyl-3,5-diinethylpyrazole.  A  122  g  quantity  of  benzylliydrazine 
was  gradually  added  to  100  g  of  acctylacetone.  When  the  violent  reaction 
was  finished,  the  mixture  was  refluxed  for  1  hour.  Then  200  ml  of  benzene 


•  Tlie  absorption  speetra  were  taken  wlUi  an  Sl'-4  spectrophotometer.  Solvent—  metlianol. 
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was  acicloil,  and  ilic  bcnx.cne  layer  was  separated  and  was  fractionated  in  vactio.  There  was  obtained  165  g 
(81%)  of  l-ben/yl-n.b-dlinetliylpyrazole. 

B.  p.  154-156*  (18  mm),  n^D  1.5472,  d“^  1.0378,  Mllj)  66.93j  Calc.  57.59. 

Ficrate,  m.  p.  123-12^1*  (from  80%  alcohol)  [5j. 

Found  %;  N  16.83,  16.63.  C12HMN2  *  Calculated  %;  N  16.86. 

1- Phenyl- 3-  methyl- 5- chloropyrazole.  A  mixture  of  130  g  of  acetoacetic  ester,  108  g  of  phenylhydrazine, 
100  ml  of  water,  and  100  ml  of  acetic  acid  was  refluxed  for  5  hours.  The  reaction  mass  was  tlien  poured  into 
200  ml  of  water,  and  the  precipitated  crystals  of  the  pyrazolone  were  filtered  out  on  tlie  next  day.  They  were 
dried  in  a  drying  oven  at  80*.  The  dry  pyrazolone  was  mixed  wiili  75  ml  of  anlrydrous  pyridine,  115  ml  of 
phosphoryl  chloride  was  cautiously  added,  and  die  mixture  was  heated  for  6  hours  at  160"  in  a  flask  with  a  reflux 
condenser.  'I’he  reaction  mass  was  poured  into  ice,  made  alkaline  widi  potash,  and  extracted  wldi  benzene;  the 
extracts  were  dried  widi  magnesium  sulfate  and  fractionated  in  vacuo.  There  was  obtained  137  g  (71.5%)  of 
l-phenyl- 3- methyl-5- chloropyrazole. 

B.  p.  140*  (15  mm),  n^D  1.5774,  d“4  1.1901,  MR^  53.67;  Calc.  53.22  [6]. 

l-Ediyl-3,5-dimediylpyrazole.  A  mixture  of  28.8  g  of  3,5-dimethylpyrazole  and  109.2  g  of  ethyl  iodide 
was  heated  in  a  sealed  tube  at  100*  for  8  hours.  The  reaction  mass  was  made  alkaline  widi  an  excess  of  40% 
sodium  hydroxide  and  then  extracted  with  benzene.  The  benzene  was  distilled  from  die  extract,  and  the  residue 
was  purified  by  means  of  acrylonitrile  (as  described  above).  There  was  obtained  21.2  g  (58%)  of  pure  1-ethyl- 
3,5-dimediylpyrazole. 

B.  p.  169-172*  (751  mm),  n^D  1.4731,.  d^4  0.9181,  MRj)  37.95;  Calc.  38.01. 

Picrate,  m.  p.  128*  (from  alcohol)  [7J. 

l-Phenyl-3,5-dimediylpyrazole  was  prepared  by  die  method  described  above  for  l-benzyl-3,5-dimethyl- 
pyrazole,  in  90%  yield.  B.  p.  157-161*  (24  mm)  [5]. 

l,3,5-Trimethyl-4-benzoylpyrazole.  A  mixture  of  10.6  g  of  1,3,5- trimethylpyrazole  and  44  g  of  benzoyl 
chloride  was  refluxed  for  12  liours;  die  reaction  mass  was  then  heated  to  boiling  with  an  excess  of  concentrated 
aqueous  potash  solution  until  die  benzoyl  chloride  odor  was  gone,  and  was  extracted  with  benzene.  On  fractiona¬ 
tion  of  the  benzene  extracts  20.1  g  (94%)  of  1,3,5- trimethyl- 4- benzoylpyrazole  was  obtained. 

B.  p.  201*  (13  mm),  n^D  1.5803,  d®^  1.1272,  MRo  61.98;  Calc.  62.22. 

Found  %:  C  72.44,  72.53;  H  6.83,  6.97;  N  12.87,  12.97.  Calculated  %:  C  72.86; 

H  6.59;  N  13.07. 

Picrate,  m.  p.  135-136*  (from  80%  alcohol). 

Found  %;  N  15.59,  15.65.  CjaHj^ONz-CgHaO^Nj.  Calculated  %:  N  15.79. 

l-Ethyl-3,5-dimethyl-4-benzoylpyrazole.  This  was  prepared  similarly  from  l-ediyl-3,5-dimediylpyrazole 
in  67%  yield. 

B.p.  198-200*  (13  mm),  n^D  1.5726,  d®’^  1.1101,  MR^  67.11;  Calc.  66.84. 

Found  %;  C  73.77,  73.89;  H  7.80,  7.81;  N  12.20,  12.41.  C14H8ON2.  Calculated  %;  C  73.66; 

H  8.07;  N  12.27. 

Picrate,  m.  p.  106*  (from  80%  alcohol). 

Found  %;  N  15.12,  15.31.  Ci^HiaONj*  CgHjOyNj.  Calculated  %;  N  15.31. 

1-Benzyl- 3,5-dimethyl- 4-benzoylpyrazole  was  prepared  as  described  above  from  1-benzyl- 3,5-dlmethyl- 
pyrazole  in  84%  yield;  b.  p.  244-252*  (13  mm),  m.  p.  95*  (from  a  benzene  — petroleum  edier  mixture). 

Found  %:  C  78.22,  78.33;  H  6.45,  6.56;  N  9.42,  9.89.  CijIIigONz.  Calculated  %;  C  78.58; 

H  6.26;  N  9.64. 
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Tlie  plcrate,  m.  p.  84-86*  (from  absolute  etlier),  decomposed  on  recrystalllzatloii  from  alcohol. 

Found  N  13.33,  13.33.  CijIligONj*  CgHjO^Nj.  Calculated  <yo:  N  13.23. 

1- Phenyl- 3, 5-dlmetliyl-4-benzoylpyrazole  was  prepared  as  described  above  f^om  l-phenyl-3,5-dlmetliyl- 
pyrazole  In  837o  yield;  b.  p.  254-267*  (23  mm),  m.  p.  99-100*  (from  petroleum  ether).  It  did  not  give  a 
plcrate. 

Found  7o:  C  78.19,  78.49;  H  6.06,  5.91;  N  10.34,  10.43.  CiaHjeONj.  Calculated  7®:  C  78.28; 

H  5.84;  N  10.14. 

l-Pltenyl-3-metliyl-4-bcnzoylpyrazole  was  prepared  as  described  above  from  l-phenyl-3-methylpyrazole 
[4],  but  heating  was  coiiiiiuied  for  30  hours.  Yield  60”/®.  Wlien  tlie  reaction  time  was  decreased  to  12  hours, 
tlie  yield  fell  to  127o.  B.  p.  238-243*  (28  mm),  m.  p.  136“  (from  petroleum  ether).  It  did  not  give  a  picraie. 

Found”/®:  C  77.59,  77.69;  H  5.76,  5.89.  CitHi^ONj.  Calculated 7o:  C  77.84;  H  5.39. 

l-Plienyl-3-methyl-4-benzoyl-6-chloropyrazoIe  was  prepared  by  the  method  described  above  from 
1- phenyl- 3-  methyl- 5- chloropyrazoie ,  but  the  reaction  \Nras  carried  out  in  a  sealed  tube  for  8  hours  at  260-270*. 
Yield  53”/o.  When  tlie  reaction  was  carried  out  in  an  open  vessel,  the  reaction  mixture  being  refluxed  for  12 
hours,  tlie  yield  was  nil. 

B.  p.  247-254*  (22  mm),  m.  p.  85-86*  (from  petroleum  ether)  [8].  It  did  not  give  a  plcrate. 

1.3.5- Triphenyl-4-benzoylpyrazole  was  prepared  as  described  above  from  1,3,5- triphenylpyrazole  [4], 
but  tlie  reaction  was  carried  out  in  a  sealed  tube  for  10  hours  at  270*.  Yield  8l7>.  When  the  reaction  was 
carried  out  in  an  open  vessel,  the  reaction  mixture  being  refluxed  for  12  hours,  the  yield  was  nil.  M.  p.  171-172* 
(from  petroleum  ether)  [2].  It  did  not  give  a  plcrate. 

Found  To:  N  7.10,  7.16.  CzsHzoONj.  Calculated  7®:  N  6.99. 

When  3,5-dlmethylpyrazole  was  heated  for  20  hours  with  a  tliree-fold  quantity  of  benzoyl  chloride  at  200*, 
a  quantitative  yield  of  3,5-dinietliyl-l-benzoylpyrazole  was  obtained. 

Attempts  at  replacement  of  benzoyl  chloride  in  the  reaction  by  p-nitrobenzoyl  chloride,  toluenesulfonyl 
chloride,  and  isonicotinyl  chloride  hydrochloride  were  unsuccessful.  The  reaction  mass  was  completely  res- 
inified  after  boiling  for  1  hour.  1-Phenyl- 3-aceumidopyrazole  could  not  be  acylated,  eitlier.  On  heating  at 
200*  for  2  hours  witlt  benzoyl  chloride,  part  of  it  was  recovered  unchanged,  whereas  on  heating  for  10  hours,  it 
was  completely  resinified. 

1.3.5-  Trimetliyl-4-benzylpyrazole.  A  mixture  of  4  g  of  l,3,5-trimethyl-4-benzoylpyrazole,  5  ml  of 
butanol,  and  6  ml  of  hydrazine  hydrate  was  heated  in  a  sealed  tube  at  200*  for  12  hours.  Tlien  tlie  excess 
hydrazine  and  butanol  were  driven  off,  and  tlie  remainder  of  the  reaction  mass  was  decomposed  over  0.2  g  of 
potassium  hydroxide,  and  distilled.  There  was  obtained  3.4  g  (847®)  of  l,3,5-trlmetliyl-4-benzylpyrazoie, 
b.  p.  294*,  m.  p.  55*  (from  petroleum  etlier).  Picrate,  m.  p.  135-136*  (from  707®  alcohol). 

Found  7®:  C  53.01,  53.03;  H  4.37,  4.38.  CiaHigNj- CgHjO^Nj.  Calculated  7®:  C  53.45;  H  4.27. 

1.3.5- Trimetliyl-4-benzylpyrazole  was  countersyntheslzed  tlirough  tlie  condensation  of  benzyldiacetyl- 
metliane  [9]  witli  meihylliydrazine  sulfate.  The  pyrazole  gave  a  picrate  with  m.  p.  134-135*  (from  707®  alcohol), 
which  did  not  give  a  melting-point  depression  witli  the  picrate  described  above. 

l-Phenyl-3,5-dimethyl-4-benzylpyrazole.  This  was  prepared  as  described  above  by  Kizhner  reduction. 
Picrate,  m.  p.  111-112*  (from  807®  alcohol). 

Found  7®:  N  14.36,  14.52.  CigHjgNz*  CoHjO^Na.  Calculated  7®:  N  14.25. 

The  countersyntliesis  was  carried  out  through  the  condensation  of  benzyldlacetylmethane  with  phenyl- 
hydrazine.  Tlie  pyrazole  gave  a  plcrate  widi  m.  p.  111-112*  (from  807®  alcohol),  which  did  not  give  a  melting- 
poiiit  depression  witli  tlie  picrate  of  the  pyrazole  obtained  by  tlie  Kizhner  reduction  of  1- phenyl- 3,5- dime tliyl- 
4-  benzoylpyrazole. 
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1.4-  Dibenzyl- 3, r)-dliTiethylpyrazoIe  was  prepared  similarly  by  the  Klzhner  reduction  of  l-benzyl-3,5- 
dlmetJiyl-4-bcnzoylpyrazole.  I’icratc,  m.  p.  131-132*  (frotn  TO'Vo  alcohol). 

Found  G  69.08,  59. 14;  H  4.27,  4.33.  Ci^ljjjNz*  CelljOjNj.  Calculated  <70;  C  59.40|  H  4.59. 

1.4- Dlbenzyl-3,5-diincihylpyrazole  was  countersynthesized  through  the  condensation  of  benzyldlacetyl- 
metiiane  wltli  benzylliydrazlne.  'ihe  pyrazole  gave  a  plcrate  with  m.  p.  131-132*  (from  TO^o  alcohol),  wlilch 
did  not  give  a  melting-point  depression  widi  the  plcrate  of  the  pyrazole  obtained  by  Klzhner  reduction. 

Attempt  at  reduction  of  4-benzoy Ipyrazolcs.  A  5.8  g  quantity  of  l-benzyl-3,5-dlmethyl-4-benzoyl- 
pyrazole  was  dissolved  la  50  ml  of  concentrated  hydrochloric  acid,  and  10  g  of  amalgamated  zinc  was  added. 
In  tile  process  of  heating,  tlie  complex  precipitated  in  the  form  of  a  very  viscous,  yellowish,  noncrystallizing 
oil.  It  was  Insoluble  in  water  and  nonpolar  solvents.  It  was  very  soluble  in  alcohol  and  acetone.  It  did  not 
decompose  on  treatment  with  hot  soltttlons  of  acids  and  alkalis.  Other  benzoylpyrazoles  behaved  similarly. 
Moreover,  benzopyrazoles  were  not  reduced  on  boiling  for  10  hours  with  concentrated  hydrlodic  acid  solution 
and  red  phosphorus. 


SUMMARY 

It  has  been  shown  diat  heating  of  pyrazoles  having  a  free  4- position  in  the  nucleus  to  200-250*  with 
benzoyl  chloride  may  be  used  as  a  preparative  metliod  for  the  syntliesis  of  4- benzoylpyrazoles. 
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Pyrazoles  unsubstituted  in  position  1  display  tautomerism  due  to  migration  of  the  hydrogen  atom  [1-3]. 
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If  this  hydrogen  atom  is  substituted,  the  tautomerism  ruturally  vanishes;  for  Insunce,  1,3-dimetliyl- 
pyrazole  is  not  tautomeric  with  1,5-dimetliylpyrazole  [6J.  In  connection  witli  this,  if  tlte  pyrazole  has  a  nucleus 
whlcli  is  unsymmetrical  with  respect  to  tlie  two  nitrogen  atoms,  its  N- alkylation  nearly  always  leads  to  a  mixture 
of  the  two  possible  isomers  [4,  5].  One  of  tlie  isomers  is  formed  preferentially  only  in  tlie  case  where  the  sub¬ 
stituents  in  positions  3  and  5  are  substantially  different  in  character  [6],  Auwers  investigated  this  problem  but 
did  not  reach  any  final  conclusions.  In  a  number  of  cases,  his  data  are  contradictory  [5-7].  Other  metliods  for 
tlte  syntliesls  of  1-alky Ipyrazoles,  such  as,  for  Instance,  the  interaction  of  alkylliydrazines  witli  fi -dicarbonyl 
compounds  and  their  derivatives  [6],  also  lead  nearly  always  to  a  mixture  of  the  two  possible  Isomers  (l)  and 
(II),  which  is  very  difficult  to  resolve. 
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Until  now,  ilicrcfore,  a  sufficiently  convenient  and  general  method  for  the  synthesis  of  l-alkylpyrazoles, 

In  which  the  substituents  In  the  nucleus  are  unsymnietrlcally  arranged  with  respect  to  the  two  nitrogen  atoms, 
has  not  been  available. 

Pyrazollnes  do  not  have  tautomerism  of  the  pyrazole  type  [I,  8],  and  therefore  the  alkslation  of  pyrazollnes 
always  leads  to  a  single  Isomer  (aside  from  the  possible  stereoisomer).  Practicable  meiliods  for  tlie  synthesis  of 
pyrazollnes  being  available  [9,  lOj,  we  developed  a  procedure  for  N- alkylation  of  tlte  latter  by  treatment  wltli 
alkyl  halides  In  tlie  presence  of  potash,  followed  by  dehydrogenation  to  1-alkylpyrazoles  by  tlie  method  described 
by  us  earlier  [llj. 
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UV  spectra  of  1-alkyl¬ 
pyrazoles.  The  spectra  of 
l-isoamyl-4-isopropy  1-5- 
isobutyl-,  l-butyl-4- 
isopropy  1-  5-  isobutyl- ,  and 
1,5- diisobutyl-4- isopropyl- 
pyrazoles  correspond  to 
Curve  1.  The  spectra  of 
all  tlie  rest  of  the  pyrazoles 
given  in  Table  2  conespond 
to  Curve  2. 


1- Alkylpyrazolines  are  colorless,  mobile  liquids  with  a  characteristic 
odor.  Alkylation  of  the  nitrogen  atom  decreases  the  refractive  index  of 
pyrazoliiie  from  1.46  to  1.45  and  lowers  tlie  specific  gravity  three  units  in 
the  second  decimal  place  (see  Table  1),  but  the  boiling  points  of  tlie  1-alkyl- 
pyrazolines  are  very  slightly  increased,  obviously  owing  to  decreased  association. 
The  corresponding  l-alkylpyrazoles  have  somewhat  higher  refractive  indices 
(about  five  units  in  the  third  decimal  place)  and  higher  specific  gravities  (see 
the  data  of  Tables  1  and  2).  The  1-alkylpyrazole  picrates  are  viscous,  non- 
crystallizing  oils,  insoluble  in  water  and  petroleum  ether  and  very  soluble  in 
alcohol  and  ether.  The  hydrochlorides  also  are  noncrystallizing  oils.  The 
picrolonates  crystallize  witli  very  great  difficulty  (only  after  standing  for 
several  days)  and  are  recry'Stallized  from  SO^o  alcohol,  as  is  the  single  solid 
picrate  obtained.  The  ultraviolet  absorption  spectra  of  the  1-alkyipyrazoles 
obtained  have  a  pronounced  absorption  band  in  the  230  mft  region  (figure  and 
Table  2),  i.e.,  a  spectral  region  of  greater  wavelength  tlian  in  the  case  of 
pyrazoles  unsubstituted  in  position  1  [11],  whose  maximum  lies  at  about  220  mfi, 
1- Alkyl-4- isopropyl- 5- isobutylpyrazoles  have  a  second  maximum  in  the 
306  m;t  region,  whereas  4-isopropyl-5-isobutylpyrazole,  wliich  is  not  sub¬ 
stituted  on  nitrogen,  does  not  have  tliis  maximum  [llj.  On  calculating  the 
molar  refraction  for  1-alkylpyrazolines  (Table  l)  we  used  a  group  refraction 
equal  to  6.245  for  two  nitrogen  atoms  togetlier  with  a  double  bond.  For 
1-alkylpyrazoles  (Table  2)  we  used  the  same  group  refraction,  and  besides, 
tlie  refraction  of  one  double  bond. 

EXPERIMENTAL 


3-Methvl-5-isopropylpyrazoline.  Fifty-six  g  of  isobutyralacetone  [12], 

26  g  of  hydrazine  hydrate,  and  50  g  of  methanol  were  mixed  in  a  flask  provided 
with  a  reflux  condenser.  Then  tlie  mixture  was  refluxed  for  3  hours,  50  ml  of  benzene  added,  and  tlie  mixture 
fractionally  distilled.  There  was  obtained  46.5  g  (74‘7o)  of  3-metliyl-5-isopropylpytazoline, 

B.  p.  88-90*  (21  mm).  n®D  1.4640,  d®^  0.9111,  MRp  38.21|  Calc.  38.20. 

Phenylthiocarbamide  derivative;  m.  p.  112*  (from  petroleum  etlier). 

Found  C  64.33,  64.15»  H  7.45,  7.36.  Ci4Hi^5S.  Calculated  <7o:  C  64.38i  H  7.37. 
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1-Alkylpyrazoles 
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Found  %:  C  71.15.  71.27|  H  10.85, 
Melting  point  of  the  picrate. 


3- Eiliyl-4-niethylpyra7,oline  was  prepared  by  the  method  of  A.  N.  Kost  and  V.  V.  Ershov  [10]. 

4- Isopropyl-5-Isobutylpyra7ollnc.  Into  a  flask  provided  wltli  a  large  Dlmroth  condenser  was  put  611  g 
of  freshly  distilled  isovaleraldehydej  the  flask  being  cooled  with  ice  water,  185  g  of  hydrazine  hydrate  was 
cautiously  added  dropwlse  without  allowing  the  mixture  to  boil  too  vigorously.  After  cooling,  the  upper,  oil 
layer  was  separated  and  was  shaken  in  a  funnel  witli  30  g  of  finely  ground  anhydrous  magnesium  sulfate  for  15 
minutes.  Then  the  dry  azine  was  put  into  a  1- liter  flask  with  a  reflux  Dimroih  condenser,  and  50  ml  of  anhydrous 
formic  acid  was  immediately  added.  If  die  mixture  did  not  begin  to  boll  spontaneously  within  10  minutes,  the 
flask  was  heated  to  boiling,  and  the  mixture  was  then  kept  boiling  by  adding  another  130  ml  of  anhydrous  formic 
acid  (as  a  result  of  the  exothermic  reaction).  When  all  the  acid  had  been  added,  die  mixture  was  boiled  for  2 
hours  more.  The  entire  reaction  mass  was  put  into  a  large  porcelain  dish  and  evaporated  widi  900  ml  of  con¬ 
centrated  hydrochloric  acid  until  the  residue  became  thick.  The  operation  was  repeated  with  400  ml  of  acid. 

The  viscous  residue  was  made  alkaline  with  400  ml  of  concentrated  ammonia  solution,  and  the  oil  layer  was 
separated  and  dried  widi  magnesium  sulfate.  On  distillation,  298  g  (50‘7o)  of  4-lsopropyl-5-lsobuiylpyrazoline, 
b.  p.  123-129*  (25  mni),  n^D  1.4652,  d^^  0.8971  [9],  was  obtained. 

4-Eihyl-5-propylpyrazollne.  This  was  similarly  prepared  from  653  g  of  butyraldehyde.  Yield  230  g 
(36.5'yo),  b.  p.  106-114*  (19  mm),  n®D  1.4641,  d^^  0.9087  [9]. 

Alkylation  of  pyrazolines.  A  mixture  of  1  mole  of  die  pyrazollne,  1.25  moles  of  finely  ground  anhydrous 
potash,  slightly  moistened  with  water,  and  1.05  moles  of  the  alkyl  bromide  were  refluxed  for  14-16  hours.  Water 
was  dien  poured  into  the  cold  reaction  mass  until  the  salts  dissolved,  and  die  oil  layer  was  separated,  dried  with 
magnesium  sulfate,  and  purified  by  fractional  distiUaiion  in  vacuo.  The  constants  of  the  1-alkylpyrazolines 
obtaitied  are  given  in  Table  1. 

Dehydrogenation  of  pyrazolines.  One- tenth  mole  of  the  pyrazoline  and  0.105  mole  of  sulfur  were  boiled 
in  a  flask  with  a  small  reflux  condenser  until  the  evolution  of  hydrogen  sulfide  ceased  (about  one-half  hour), 
and  the  reaction  mass  was  then  distilled  twice  in  vacuo.  The  constants  of  die  1-alkylpyrazoles  obuined  are 
given  In  Table  2. 


SUMMARY 

A  mediod  has  been  developed  for  syndiesizing  1-alkylpyrazoles  with  unsymmetrically  arranged  substituents 
(on  the  third  and  fourth  or  die  fourth  and  fifth  atoms  of  die  pyrazole  ring)  by  alkylating  the  corresponding 
pyrazolines  and  then  dehydrogenating  the  product. 


LITERATURE  CITED 

[1]  K.  Auwers  and  P.  Helmke,  Lieb.  Ann.  458,  186  (1927). 

[3  L.  Knorr,  Ber.  ^  688  (1895). 

[3]  L.  Knorr,  Ueb.  Ann.  ^  217  (1894). 

[4]  K.  Auwers  and  W.  Schmidt,  Ber.  5^  528  (1925). 

[5]  K.  Auwers  and  H.  Stuhlmann,  Ber.  ^  1043  (1926). 

[6]  K.  Anwers  and  H.  Hollmann,  Ber.  ^  1282  (1926). 

[7]  K.  Auwers  and  H.  Broche,  Ber.  55,  3880  (1922). 

[8]  K,  Freudenberg  and  W.  Stoll,  Lieb.  Ann.  440  ,  38  (1924). 

[9]  A.  N,  Kost  and  I.  1.  Grandberg,  Zhur.  Obshchei  Khim.  26,  2319  (1956).* 

*  Original  Russian  pagination.  See  C.  B.  translation. 


226 


[10]  A.  N.  Kosi  and  V.  V.  Ershov,  Zhur.  Obslichel  Khlm.  ^  1722  (1957)/ 

[11]  I.  I.  Grandberg  and  A.  N,  Kost,  Zhur,  Obshchel  Khim.  28j  3071  (1968)/ 

[12]  R.  Hellmann,  G.  Gaudemarls,  P.  Arnaud,  and  G.  Scheuerbraund,  Bull,  Soc.  Chlm,  (5),  112 
(1957). 


•  Original  Russian  pagination.  See  C.  B.  translation. 


227 
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In  the  preceding  article  the  synthesis  of  cis-  and  trans-homocincholoipons,  proceeding  from  diethyl  6- 
(a'-cyano)propylglutarate,  was  described  in  [1].  We  Investigated  several  possible  routes  of  preparation  of 
homoclncholoipon  In  order  to  find  the  most  practicable  metliod  of  synthesis.  In  tlie  present  work  the  synthesis 
of  cls-homoclncholoipon  (VI,  R’=H)  from  ethyl  a-ethyl- a-carbethoxy-6-metlioxymethylglutarate  mono- 
nltrlle  [2]  (I,  R  =  is  described. 
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On  reduction  of  ethyl  a-ethyl-a-carbethoxy-fl-methoxymetliylglutarate  mononitrile  (I,  R  =  C2H5)  in  the 
presence  of  Raney  nickel  catalyst,  3-etliyl-3-carbethoxy-4-methoxymethylpiperidone-2  (II,  R  =  C2H5)  was  ob¬ 
tained  In  two  Isomeric  forms;  1)  b.  p.  n5-17T  (1mm)  and  2)  b.  p.  210-215*  (1mm). 
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For  llic  rest  of  tlie  sviitlicsis  only  tlie  first  of  tliese,  wliii  li  led  to  eis-liotnoeiiichololpoii  was  used. 

Hydrolysis  of  jiipcrldoiie  (11,  R  ~  C2H5)  wiili  potassium  hydroxide  in  an  ac|iieons-alc'oholic  iiicdlnm  j;ave  acid 
(II,  R  =  M).  After  dei  arhox\  latio;i,3-ctliy l-  l- metiioxymctliylpiperldone- 2  (111)  was  obtained.  Rednetioti  of  (111) 
with  Itthinm  aluminum  hvdride  led  to  Tl-eth vl-4- meihoxytiicthylpiperidlne  (IV).  Treatment  of  the  latter  with 
hydrobromli  aeld  pave  ri-eth\l-4-bromometiiylplpetidiiie  (V,  R*  =11),  frtnn  whicli  l-nitroso-n-ethyl-4-btomo- 
methy Iplperldlne  (V,  R'  =  NO)  was  then  prepared.  Cotidensation  of  (V,  R'  =  NO)  with  malonic  ester  and  siib- 
secinent  hydrolysis  and  der:arboxylaiion  pave  l-iiitroso-.'t-etiiylpiperidyl-4-propionic  acid  (VI,  R*  =  NO).  The 
nitroso  protip  was  removed  bv  lieatinp  (VI,  R*  =  NO)  with  cuprous  chloride.  cls-Homocincholoipon  (VI,  R’  =  H) 
was  obtained  as  a  result. 

Itivestipations  in  the  field  of  cis-  and  trans-homoeincholoipons  made  it  possible  for  ns  to  take  up  the 
synthesis  of  other  compounds  containing  in  the  itiitial  intermediate  product  a  grouping  of  carbon  atoms,  of  the 
satne  type  as  in  quinine,  namely,  tliat  of  hornopllopic  acid  (the  primary  substance  for  preparation  of  the  alkaloid 
pilocarpine),  wiiich  was  synthesized  according  to  the  scheme  given  above. 

EXPERIMENTAL 

Synthesis  of  homopilopic  acid  (VIII).  Ethyl  a-ethyl-a-carbethoxy-  d  -  methoxyinetliylglutarate  mono¬ 
nitrile  (I,  R  =  02115)  was  esterified  by  means  of  methanol  saturated  with  hydrogen  chloride,  methyl  y,y-di- 
carbethoxy-0-methoxymethylcaproate  (VII)  being  formed. 

B.p.  172-174*  (6  mm),  d‘^4  1.07S,  n^D  1.4450,  MRp  78.48.  C15H25O2.  Calc.  78.07. 

On  hydrolysis  of  ester  (VII)  with  hydrochloric  or  40%  hydrobromic  acid  a  mixture  of  diastereoisomeric 
a-etliylltomoparaconic  acids  witli  m.  p.  48-60“  (VIII)  was  obtained,  one  of  which  (m.  p.  102-103*)  was  rac. 
homopilopic  acid  and  the  otlier  (m.  p.  73-74*),  rac.  homolsopilopic  acid. 

3-Ethyl- 3-carbethoxv-4- methoxymetliylpiperidone- 2  (II,  R  =  C2H5).  Fifteen  g  of  ethyl  a-ethyl-a- 
carbethoxy- B  -  methoxymethylglutarate  mononitrile  in  50  ml  of  anhydrous  ethanol  was  hydrogenated  in  the 
presence  of  2  g  of  Raney  nickel  catalyst  at  105  atm  and  160*  for  1  hour.  The  catalyst  was  filtered  out,  the 
solvent  removed,  and  the  residue  distilled.  Two  fractions  were  isolated:  the  1st,  5.8  g  (45.5%),  and  the  2nd, 
4.9  g  (38.3%). 

First  fraction:  b.p.  175-177.5*  (1  mm),  d^^  1.1016,  n“D  1.4785.  MRj)  62.58*  Calc.  62.32. 

Found  %:  C  59.17,  59.50;  H  8.30,  8.68;  N  5.89,  6.02.  Ci2H2i04N.  Calculated  %:  C  59.25; 

H  8.64;  N  5.72. 

Second  fraction:  b.p.  210-215*  (1  mm),  d®4  1.1100,  n®D  1.4845.  MRjj  62.76;  Calc.  62.32. 

Found  %:  C  59.53,  59.20;  H  8.89,  8.81;  N  5.30,  5.47.  CJ2H21O4N.  Calculated  %:  C  59,25; 

H  8.64;  N  5.72. 

3-Ethyl-4-methoxymetliylpiperidone-2  (III).  A  5.8  g  quantity  of  3-ethyl-3-carbetlioxy-4- methoxy- 
methylpiperidone-2,  b.  p.  175-177.5"  (1  mm),  4.5  g  of  potassium  hydroxide,  20  ml  of  metlianol,  and  10  ml 
of  water  were  heated  at  105*  for  12  hours.  Tlie  alcohol  was  distilled  off  in  vacuo  and  the  aqueous  solution 
acidified  witli  concentrated  hydrochloric  acid.  The  potassium  chloride  was  filtered  out,  the  water  driven  off 
in  vacuo,  and  the  residue  heated  in  vacuo  at  120*  for  30  minutes  and  distilled.  Yield  2.5  g  (62.5%). 

B.  p.  150-152*  (1  mm).  ,d\  1.0521,  n®D  1.4810,  MR^  46.32;  Calc.  46.81. 

Found  %:  C  63.18,  62.98;  H  9.75,  9.84;  N  8.10,  8.33.  CjM^CjN.  Calculated%:  C  63.15; 

H  9.94;  N  8.18. 

3-Ethyl-4-methoxvmethylpiperldine  (IV).  To  a  suspension  of  2  g  of  lithium  aluminum  hydride  in  50  ml 
of  anhydrous  dioxane,  a  solution  of  2.3  g  of  3-ethyl-4-methoxymethylpiperldone-2  in  30  ml  of  anhydrous 
dioxane  was  added.  The  mixture  was  heated  with  continuous  stirring  for  5  hours.  The  excess  lithium  aluminum 
hydride  was  decomposed  with  40%  sodium  hydroxide  solution.  The  dioxane  layer  was  separated  and  the  alkaline 
solution  extracted  witli  dioxane  (tluee  times  with  30-ml  portions).  The  combined  extracts  were  dried  witli 
potassium  carbonate.  The  solvent  was  removed  and  tlie  residue  distilled.  Yield  1.35  g  (Gb.2''!o). 
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B.  p.  C3-C4*  (1  inni),  0.9229,  n“D  1.4665,  MRd  ^7.23;  Calc.  46.82. 

Found  7n:  C  68.33,  68.49;  H  12.19,  12.11;  N  8.71.  9.01.  CjH^ON.  Calculated  <yo;  C  68.78; 

H  12.10;  N  8.92. 

1- Nitroso- 3- eth vl-4- bronioniethy Ipiperldine  (V,  R*  =  NO).  Two  g  of  3-etliyl-4-inethoxymethyl- 
pipcridiiic  (IV)  was  heated  Tor  7  liours  with  8.7  ml  of  477o  hydrobromlc  acid.  The  excess  hydrobromic  acid 
was  distilled  off  in  vacuo,  tiie  residue  was  dissolved  in  5  ml  of  water,  and  0.66  g  of  sodium  nitrite  in  2.5  ml 
of  water  was  added.  The  mixture  was  heated  to  80*  and  cooled,  and  tlie  separated  oil  was  extracted  witli  ether. 
The  extract  was  waslicd  with  saturated  sodium  bicarbonate  solution  and  dried  with  sodium  sulfate.  After  solvent 
removal,  l-nitroso-3-et!iyl-4-bromomethylpiperidine  was  obtained  in  tlie  form  of  a  viscous,  yellow,  noncrystalliZ' 
ing  oil.  Yield  1.7  g  (50.67o). 

3-Ethyl-4-carboxyeiiiylpiperidine,  cis-homocincholoipon  (VI,  R'=H).  A  1.7  g  quantity  of  1-nitroso- 
3-ethyl-4-bromomettiylpipcridine  (V,  R’  =  NO)  was  heated  for  4  hours  witli  the  sodiomalonate  obtained  from 
3.7  g  of  malonic  ester,  0.54  g  of  metallic  sodium,  and  7.7  ml  of  anhydrous  alcohol.  The  excess  alcohol  was 
distilled  off  in  vacuo,  and  the  residue  was  dissolved  in  5  ml  of  water,  neutralized  with  dilute  (1  ;3)  acetic 
acid,  and  extracted  witli  ether.  After  removal  of  the  ether,  1.8  g  of  a  substance  was  obtained,  which  was  then 
heated  witli  2.06  g  of  potassium  hydroxide  and  10  ml  of  water  for  30  minutes.  The  solution  was  extracted  with 
ether  in  order  to  remove  unhydrolyzed  l-niiroso-3-etliylplperidine-4- methylmalonic  ester,  acidified  with  dilute 
(1  ;2)  hydrochloric  acid,  and  again  e.xtracted  witli  ether.  The  solvent  was  distilled  off,  and  tlie  residue  (0.85  g) 
was  heated  for  15  minutes  in  vacuo  at  160*  and  then  thoroughly  extracted  with  100  ml  of  edier.  After  solvent 
removal  a  yellow,  noncrystallizing  oil  was  obtained;  tlie  latter  was  heated  witli  1.5  ml  of  concentrated  hydro¬ 
chloric  acid  and  0.1  g  of  cuprous  chloride  until  nitrogen  oxides  ceased  to  be  evolved  (5  minutes).  The  hydro¬ 
chloric  acid  was  distilled  off  in  vacuo,  and  tlie  residue  was  dissolved  in  8  ml  of  water  and  heated  witli  5  g  of 
sodium  hydroxide  for  10  minutes.  The  cuprous  oxide  was  filtered  out,  the  aqueous  solution  acidified  with  con¬ 
centrated  hydrochloric  acid,  tlie  solvent  removed,  and  the  dry'  residue  extracted  witli  alcohol.  After  the  alcohol 
was  driven  off,  a  viscous,  noncrystallizing  oil  was  obtained;  0.14  g  of  the  latter  was  dissolved  in  0.5  ml  of  con¬ 
centrated  liydrochloric  acid  and  treated  with  0.18  g  of  auric  chloride  dissolved  in  2  ml  of  water.  The  yellow- 
orange  cis-homocincholoipon  chloroauraie  crystals  which  precipitated  were  filtered  out  and  were  dried  in  a 
vacuum  desiccator.  Yield  0.11  g,  m.  p.  165-165.5*.  The  product  was  recrystallized  from  3  ml  of  hydro¬ 
chloric  acid  and  then  from  3  ml  of  dilute  (1:1)  metlianol,  and  was  dried  in  a  vacuum  desiccator.  M.  p. 
172-172.5*. 

Found  7o:  C  23.10,  22.86;  H  3.56,  3.96;  Au  37.22,  37.46.  C10H20O2NCI4AU.  Calculated  7o: 

C  22.80;  H  3.81;  Au  37.60. 

A  mixed  sample  of  cis-homocincholoipon  chloroaurate  (m.  p.  172-172.5*)  prepared  by  us  proceeding 
from  ethyl  a-etliyl-a-carbetlioxy-  0 -methoxymethylglutarate  mononitrile,  and  cis-homocincholoipon 
chloroaurate  (m.  p.  174.5-175*)  prepared  from  diethyl  0 -(a’-cyano)propylglutarate  [1],  melted  at 
172-173.5*. 


SUMMARY 


1.  A  syntliesis  of  cL-!;cmocincholoipon,  based  on  ethyl  a-ethyl-a-carbethoxy-  0-methoxymethyl- 
glutarate  mononitrlle,  was  carried  out. 

2.  It  was  shown  tltat  cinchona  alkaloids  and  pilocarpine  alkaloids  may  be  synthesized  by  using 
identical  starting  materials  and  transformations  of  tlie  same  type. 
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In  the  preceding  works  of  our  laboratory  regularities  were  esubllshed  in  the  reactions  of  addition  of  a 
number  of  electrophilic  and  nucleophilic  reagents  to  vinylacetylenic  hydrocarbons  of  various  structures  [1]. 

Certain  experiments  In  tire  probably  radical- type  chloroaryTation  of  vinylacetylene  and  vinylethylacetylene 
also  are  described.  Addition  of  aryl  and  chlorine  took  place  at  the  ethylenic  bond  and  in  the  1,4-position  [2]. 

In  order  to  obtain  further  material  on  reactions  of  addition  to  vinylacetylenes  we  undertook  a  systematic 
study  of  the  addition  of  organolitlrium  compounds  to  the  hydrocarbons  named  above. 

Tliere  were  no  data  on  this  subject  in  the  literature.  Only  the  addition  of  alkyllltliiums  to  certain  aryl- 
olefins,  cyclooctatetraene,  olefins,  and  diolefins  had  been  studied  [3,  4].  In  the  first  case  monomeric  addition 
products,  and  in  the  last  two  cases  mixtures  of  telomers,  had  been  obtained.  The  structure  of  tlie  adducts  was 
usually  judged  from  die  structure  of  the  hydrocarbons  or  acids  formed  on  treatment  of  the  reaction  mixture  with 
water  or  carbon  dioxide.  In  every  case,  the  radical  became  attached  to  the  least  substituted  of  die  carbon  atoms 
at  the  ends  of  die  double  bond. 

In  a  preliminary  article  [5],  we  showed  diat  ethyllithium  and  butylllthium  readily  add  to  vinylmethyl- 
and  vinylethylacetylenes  at  room  temperature  with  the  formation  of  adducts  which,  when  treated  with  water, 
give  disubstituted  allenic  hydrocarbons  and  a  higher- boiling  residue  containing  ediylenlc  hydrocarbons. 

Furdier  experiments  showed  that  at  diminished  temperatures  (lower  than  —  30*)  only  allenic  hydrocarbons, 
which  distill  widi  practically  no  residue  are  obtained,  regardless  of  die  nature  of  the  alkyllithium. 

We  investigated  the  addition  of  primary  [Li— C2H5,  Li— C^7,  Li  — C4HJ,  Li  — CHj—CHCCHj)^,  secondary 
[Li- CH (0113)2],  and  tertiary  [0-0(0113)3]  alkyllithiums  to  vlnylmethyl-  and  vinylediylacetylenes  and  in  all 
cases  obtained  die  disubstituted  allenic  hydrocarbons,  whose  formulas  and  constants  are  given  in  Table  1,  in  good 
yields.  None  of  diem  are  described  in  the  literature. 

From  Table  1  it  is  evident  that  displacement  of  the  allenic  system  toward  the  center  of  the  molecule  leads 
to  a  certain  increase  in  die  boiling  point  and  has  practically  no  effect  on  the  specific  gravity  and  refractive  index. 
Qiain  branching  causes  a  marked  lowering  of  the  boiling  point  and  some  decrease  in  the  specific  gravity  and 
refractive  index.  All  disubstituted  allenes  display  exalution  of  the  molar  refraction,  which  Increases  as  the  radicals 
become  more  branched. 


*  Enyne  compounds.  XXXVI. 
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In  each  case  tlie  addition  of  alkyllithiunis  to  vinylalkylacetylenes  could  be  expected  to  result  in  the  forma¬ 
tion  of  six  products  wltlt  three  types  of  multiple  bonds:  the  1,3-dlenlc  system  (1,2-addltion),  tlte  allenic  grouping 
(1,4-addition),  and  tlie  acetylenic  bond  (3,4-addition)  [5]. 


TABLE  1 


B.  p.  1 

1 

Substance 

(pressure  in 
mm)  j 

”/)  1 
1 

1 

found  1 
1 

calc. 

ci!,-cii=c~rH-rH,-cii,-rHa  (i) 

82—830(150) 

1 

0.72711 

1.136o| 

31.87 

33.89 

CH,-cii=c=(  H-rn,-i'ii,-cH,-(;ii,-cn3  (ii) 

()4 — (i8  (10)  i 

('.78881 

1.118 1i 

13.79 

12.83 

OH,— cii=c=cii-cii,-(’.ii,-rn(cii,),  (HI) 

62— ti3  (/U)) 

0.7828 

1  1. 11801 

13.93 

12.83 

cn,-cn=c-cn-(:iij-r((;ii,),  (iv) 

82—83  (10) 

0.7182’ 

1.11181 

11.08 

12.83 

77.8-78.8 

(180) 

0.7113 

1.11321 

! 

39.26 

38.21 

<’ n,-cn,-r j ii-cii,-cn,-rir,—cH,  (vi) 

67 — 68  (40) 

0.18 12 

I  1.11.8S 

13.90 

12.83 

cjij-cii,-riir=c=CH-ciij-cii(cii,),  (VII) 

60—60.8  (10) 

0.7188 

1.1130 

13.98 

12.83 

cn,-cii,-CH=c=cn-cii,-rii,-('ii,-cn,-cn3  (viii) 

82.8—83.8 

(10) 

0.  <658 

1.1198 

18.81 

17.18 

CH3-C11,-CH=C=CI1-C1I,-C(CH3),  (IX) 

70—70.8  (10) 

0.7888 

1.11.88 

18.78 

17.  ID 

The  nature  of  tlie  multiple  bonds  in  die  hydrocarbons  obtained  was  quite  definitely  established  by  studying 
their  infrared  spectra.  In  diese  spectra  only  the  band  of  die  allenic  grouping  (1960  cm"^)  occurred.  The  bands 
of  die  acetylenic  bond  (2100-2300  cm" ^)  and  die  1,3- dienic  system  (1600-1680  cm" ^)  did  not  occur  at  all. 

Depending  on  die  position  of  die  radical,  allenic  hydro¬ 
carbons  could  have  either  the  formulas  given  in  Table  1  or 
formulas  of  die  type  RjC  =C  =CH  —  R, 

The  choice  between  diese  two  formulas  was  made  on  the 
basis  of  data  on  die  catalytic  hydrogenation  of  the  allenes 
obtained.  Five  hydrocarbons  were  hydrogenated;  saturated 
hydrocarbons,  corresponding  in  structure  to  die  allenes  given 
in  Table  1,  being  obtained  in  all  cases.  The  hydrogenation 
products  were  identified  through  dieir  constants  and  through 
their  infrared  spectra  by  comparing  the  latter  with  the  spectra 
of  known  samples  of  saturated  hydrocarbons;  in  one  case,  we 
used  samples  of  both  possible  hydrogenation  products  (heptane 
and  3-niethylhexane). 

The  strongly  marked  direction  of  addition  of  alkyllidiiums 
to  vinylalkylacetylenes  and  die  absence  of  side  reactions 
apparently  are  due  to  the  small  low- temperature  reactivity  of 
organolidiium  compounds  with  the  lidiium  atom  at  the  double 
bond,  both  in  reactions  of  furdier  addition  to  vinylalkylacetylenes 
(telomerization)  and  in  the  tautomeric  conversion 

H— CLi--C=CII-CIl2-ll'  R— C=C-CIILi— CIlo-H' 

The  present  work  showed  that  the  addition  of  alkyl- 
lithiums  to  vinylalkylacetylenes  may  be  used  for  die  syndiesis 
of  various  dlsubstltuted  allenic  hydrocarbons. 


IR  transmission  spectra,  l)  Nonadiene- 
2,3j  2)  7-methyloctadiene-2,3; 

3)  6,6-dimethylheptadiene-2,3. 
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EXPKRIMENT  AL 


The  vliiylaJkylacctyleiies  were  prepared  by  the  usual  nieiliod  [6J.  The  alkylllthiums  were  syiuhcsized 
from  alkyl  chlorides,  usually  In  absolute  eilier,  by  a  well-known  procedure  [7J.  The  alkylliihium  solutions 
used  had  concentrations  of  0.9- 1.0  Nj  the  latter  were  determined  by  double  titration. 


TABLE  2 


0 

4> 

Original  hydrocarbon 

R  in  LiR 

Solvent 

E 

a> 

-a  c  ^ 

-O  bO 

C3 

(U 

1 

_H_  _ 

_Qi  ^ 

Co  1 1  - 

! 

Petroleum  ether 

7()o 

16.2 

10 

(’2II5 

Ether 

72 

Gll3G-r^C-CII=CH2 

i 

n  Gill., 

Petroleum  ether 

•'ll) 

16.1 

8.5 

iso  -(-4 lb,  i 

1  Ether 

— iO 

58 

— 

1 

tert  -C4lln 

Same 

—40 

50.6 

— 

C0II-. 

Petroleum  ether 

40 

27.3 

5 

G2II-. 

Eilier 

1  10 

36.4 

10 

Cjll.-.-CauC-CH  -CII2 

n  -C3II7 
iso  "Gs  1 1 7 

Same 

Same 

—  10 
—40 

74.2 

80.5 

— 

n  -Gjllr, 
tert  -Cillfl 

Petroleum  ether 

:io 

16.0 

5 

‘  Ether 

i 

-40 

52.2 

Into  a  three-neck  flask  provided  wltli  a  stirrer,  reflux  condenser,  and  thermometer  (which  had  been  flushed 
out  wlili  nitrogen  beforehand),  0.25  mole  of  the  alkylliihium  in  ethereal  solution  and  then  0.25  mole  of  the 
hydrocarbon  in  a  1  ;1  mixture  with  the  same  solvent  were  introduced  from  a  Schlenk  vessel,  with  a  countercunent 
of  nitrogen.  When  tlie  reagents  were  mixed,  the  temperature  rose.  At  tlie  end  of  the  reaction  (usually  within 
1-1.5  hours)  the  contents  of  tlie  flask  were  poured  into  ice  water.  The  upper  hydrocarbon  layer  was  washed  with 
water  until  a  neutral  reaction  was  obtained,  dried  with  aluminum  oxide,  and  distilled.  Certain  experimental 
data  are  given  in  Table  2,and  analytical  data  in  Table  3. 


TABLE  3 


Found  (Flo) 

Calculated  i'^o) . 

Hydrocarbon 

c 

H 

c 

11 

C7H12  (I) 

87.58,  87.74 

12.38,  12.38 

87.42 

12.58 

Cpllifl  (II) 

86.90,  87.39 

12.39,  12.89 

87.02 

12.98 

Collie  (III) 

86.93,  87.12 

11.88,  12.99 

87.02 

12.98 

C0II16  (IV) 

86.88,  87.01 

13.01,  12.96 

87.02 

12.98 

CsIIm  (V) 

86.81,  86.73 

12.51,  12.41 

87.19 

12.81 

C0II16  (VI) 

87.05,  87.01 

12.93,  13.05 

87.02 

12  98 

Collie  (VII) 

87.08,  86.88 

12.93,  12.06 

87.02 

12.98 

Ciolli8(VIlI) 

87.44,  87.31 

12.72,  12.75 

86.88 

13.12 

C10II18  (IX) 

86.75,  86.84 

13.14.  13.15 

86.88 

1.3.12 

In  Table  4  are  given  the  constants  of  tlie  saturated  hydrocarbons  obtained  from  the  allenes  by  catalytic 
hydrogenation  on  colloidal  palladium.  They  agreed  closely  with  [8].  Somewhat  greater  discrepancies  were 
observed  in  the  case  of  products  obtained  from  vinylmethylacetylenej  this  may  have  been  due  to  an  admixture 
of  several  percent  of  isomeric  allenes. 

The  infrared  spectra  of  tliree  allenes  in  the  1300-2200  cm"^  region  are  given  in  the  figure.  The  infrared 
spectra  of  the  disubstituted  allenes  are  discussed  in  detail  in  a  separate  article  C9j. 
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TABLE  4 


Hydrocarbon 

Original 

allcnc 

Bolling 

point 

n-Heptane 

(0 

98—  99° 

0.6833 

1.3880 

n-Octanc 

(V) 

125—126 

0.7021 

1.3980 

2-Mcthvloctane 

(111) 

140-142 

0.7133 

1.4040 

2-Metliyloctane 

(VII) 

141-143 

0.7133 

1.4038 

n-Dccanc 

(VUI) 

172-174 

0.7324 

1.4125 

SUMMARY 

1.  The  reaction  of  vlnylalkylacetylcnes  wltli  alkyllitliluins  was  investigated  for  the  first  time. 

2.  It  was  shown  that  at  diminished  temperatures  alkyllithlums  smoothly  add  to  vlnylalkylacetylenes  with 
the  formation  of  disubstituted  allenlc  hydrocarbons. 

3.  The  structure  of  the  addition  products  was  proved  tlirough  the  infrared  spectra  and  on  the  basis  of  data 
on  hydrogenation  to  tlie  corresponding  saturated  hydrocarbons. 

4.  A  new  method  for  synthesizing  disubstituted  allenic  hydrocarbons  has  been  proposed. 
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In  the  present  work  we  undertook  tlie  syntliesls  of  hydroxy-  and  dihydroxybenzilic  aclds,whlch  are  of 
some  potential  interest  for  tlie  preparation  of  new  cholinolytic  pharmaceuticals.  For  the  purpose  of  synthesis, 
we  chose  the  benzil  rearrangement  of  tlie  corresponding  hydroxy-  and  dihydroxybenzils. 


OH 


*^^C10H)C0bH 

o 


R  »  H  ,  OCH,  ,  OH  , 


The  literature  contains  only  isolated  and  contradictory  references  to  the  possibility  of  rearrangement  of 
hydroxybenzils.  Asahina  and  AsanoflJ  attempted  to  rearrange  2-hydroxy-  and  2,4*- dihydroxybenzils  and  ob¬ 
tained  syrupy  products  to  which  tliey  assigned  die  structure  of  die  corresponding  benzllic  acids.  Pearl  un¬ 
successfully  attempted  to  rearrange  4,4*-dihydroxy-3,3'-dimedioxybenzil.  In  1956  Pfeil,  et  al.,  [3]  wrote  that 
"hydroxybenzils  in  general  scarcely  react  with  aqueous  alkalies,"  aldiough  they  succeeded  in  rearranging  5,5*- 
dibromo-  2,2’-diliydroxybenzll. 

It  is  known  in  general  diat  introduction  of  electron- donating  substituents  (Aik,  OAlk)  into  benzil  or 
phenandirenequinone  leads  to  a  decrease  in  the  migrating  ability  of  the  radicals  containing  these  substituentsi 
die  speed  of  rearrangement  of  die  benzil  then  decreases.  On  the  other  hand,  the  introduction  of  an  electron- 
accepting  substituent  (Cl)  has  the  opposite  effect  [3-6].  The  position  of  the  substituent  in  the  ring  also  has  an 
appreciable  influence.  The  following  order  of  migrating  abilities  of  radicals  and  of  rates  of  reanangement  is 
applicable  in  all  cases  investigated;  meta  >  para  >  ortho  [3,  5-7]. 

Rearrangement  takes  place  in  an  alkaline  medium;  under  these  conditions  hydroxybenzils  exist  in  the 
form  of  die  cations 


<CI>coco<C>^  .  ■o'<I'>cocoCiy?‘ , 

which  contain  extraordinarily  strong  electron- donating  substituents.  The  sharp  fall  in  rate  of  transformation  of 
hydro.xy-  and  (in  particular)  diliydroxybenzils  relative  to  odier  benzils  is  dierefore  not  unexpected.  Neverdieless, 
the  above- quoted  statement  of  Pfeil  et  al.  could  not  be  confirmed.  We  succeeded  in  rearranging  six  hydroxy¬ 
benzils  by  boiling  diem  in  aqueous  alkali  solutions. 
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HU 


H-<^ _ ^COCq/ 


C(01I)C00H 

(i-lil) 


^COCO<^  ^ 


(I)  R  =  H,  (II)  R  =  OClIj,  (III)  R  =  OH. 


p— on 

^C(OII)COOH 
>R'  (iv-vi) 


(1V)R'  =  H.  (V)  R'  =  OCH,.  (VI)  R'=OII. 


The  yields  of  the  corresponding  substituted  benzilic  acids  (I,  II),  (IV-VI)  are  nearly  quantitative. 
Acid  (III),  however,  was  obtained  in  good  yield  only  by  treatment  of  4,4*-dlhydroxybenzll  with  an  alkaline 
melt,  containing  73®7o  alkali  and  27‘7o  water,  at  125-150*.  This  treatment  was  also  found  convenient  for 
preparation  of  tlie  remaining  acids, 

Hydroxybenzillc  acids  (I-III),  containing  hydroxy  groups  in  para- positions,  are  easily  crystallizing 
and  stable  substances  (Table  l).  Acids  (IV-VI),  v'ith  hydroxy  groups  In  ortho  positions,  were  found  to  be 
labile  compounds  which  easily  cliang^  into  the  corresponding  lactones. 


^-OH 

^(OH)COOH  — 

>»' 


110— c— c=o 


Lactonization  proceeds  quantitatively  when  gentle  heat  is  applied;  it  is  speeded  up  in  presence  of 
mineral  acids.  We  were  unable  to  obuin  acids  (IV)  and  (VI)  in  crystalline  form.  Acid  (V)  crystallizes 
with  facility  but  its  melting  point  is  unsharp  due  to  rapid  lactonization  on  heating.  Acids  (IV-VI)  were 
characterized  in  the  form  of  tlie  silver  salts  from  which  were  also  prepared  tlie  corresponding  methyl  esters. 
Data  for  these  acids  and  tiieix  derivatives  are  presented  in  Table  2. 


In  the  course  of  the  investigation,  it  was  noted  that  benzils  containing  hydroxyl  groups  in  the  ortho- 
position  rearrange  more  rapidly  than  the  conesponding  para- derivatives.  We  followed  up  this  observation 
by  a  number  of  experiments  with  the  objective  of  qualitative  evaluation  of  the  relative  Influence  of  the 
position  and  of  tlxe  number  of  hydroxyl  groups  on  the  rate  of  rearrangement.  In  these  experiments  (Table  3) 
several  pair  of  hydroxybenzils  were  subjected  to  rearrangement  under  identical  conditions. 


V 


It  follows  from  tlic  data  obtained  tliat, 
as  we  had  expected,  monoliydroxybciizlls  (2 
and  4)  rearrange  more  rapidly  than  the 
corresponding  dlhydroxybenzils  (2,2*  and 
4,4'),*  We  also  sec  that  the  rates  of  re¬ 
arrangement  of  2-hydroxy-  and  2,2’-diliydroxy- 
benzlls  are  appreciably  higher  than  Uie  rates 
of  transformation  of  4-hydroxy-  and  4,4’- 
diliydroxybenzlls,  respectively.  This  un¬ 
expected  effect  of  an  ortlio-substltuent  can 
be  explained  if  the  benzll  rearrangement  Is 
regarded  as  a  two-step  process  [8]. 


With  this  mechanism  the  observed  rate 
of  tlie  process  depends  on  the  equilibrium 
constant  of  tire  reversible  step  leading  to 
formation  of  die  intermediate  ion  (A).  It 
may  be  suggested  that  in  the  case  of  o- 
hydroxybenzlls,  tills  constant  is  larger  dian 
for  p-hydroxybenzils.  In  die  case  of  o- 
hydroxy  derivatives,the  stabilization  of  ion 
(A)  may  be  governed  by  the  formation  of  a 
hydrogen  bond  between  die  hydrogen  of  die 
hydroxyl  group  of  that  ion  and  the  negatively 
charged  oxygen  atom  in  die  ortho  position  of 
the  benzene  nucleus. 


*  Direct  comparison  of  the  rates  of  rearrangement  of  4-hydroxy-  and  4,4*-diltydroxyl'>enzlls  is  unnecessary. 
A  clear  picture  emerges  merely  from  comparison  of  die  conditions  and  results  of  experiments  1  and  2. 
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TABLE  2 


< 


Hydroxybenzllic  Acids 


\-OH 

\ 

/ 

\ _ 


C(011)COOI1 


and  Their  Derivatives 


Acid 

Ji' 

Derivative 

Yield  (in  %) 

Melting  point 

Solvent  for 
crystallization 

1 

Acid 

Does  not 
crystallize 

— 

tl\  1 

II 

Ag  salt 

Lactone 

Quantitative 

103—104® 

Benzene, alcohol 

Methyl  ester 

92.5 

109—110 

Ether  +  hexane, 
benzene 

Acid 

96.0 

Unsharp  (lacton- 
izes  on  heating) 

Water,  benzene 

(V» 

UCIla 

Ag  salt 

Lactone 

Quantitative 

202—203 

Alcohol 

Methyl  ester 

90.0 

138.5-139.5 

Benzene 

Acid 

Ag  salt 

92.0 

Does  not 
crystallize 

— 

(VI, 

Oil 

Lactone 

Quantitative 

129.5—130.0 

Benzene,  water 

[ 

Metliyl  ester 

88.0 

111—112 

Benzene 

TABLE  3 


Comparison  of  Rates  of  Rearrangement  of  Hydroxybenzils 


Expt. 

No. 

Hydroxybenzils  l 
compared  1 

Concentration 
of  KOH  solutior 
and  duration  of 
boiling 

Yield  of 
acid  or 
corre¬ 
sponding 
lactone 

Hydroxy- 
benzil 
recovered 
(in  <^o) 

1  ( 

2-Hydroxy 

1  15%,  1 

82.3  * 

15.0 

4-Hydroxy 

j  30  min  1 

34.1 

G5.6 

•>  1 

2, 2*- Dihydroxy 

i  30o/o.  I 

85.0 

10.0 

“  \ 

4,4'-Diliydroxy 

j  240  min  1 

7.3 

92.0 

3  1 

2-Hydroxy 

\  150%  1 

81.2 

13.2 

2, 2’ -Dihydroxy 

1  30  min  1 

4.0 

94.0 
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Coloration  witli 


Found  Cyo) 


Calculated  Wo) 


The  observed  effect  is  more  difficult  to  reconcile  with  the  single-step  mechanism  of  the  benzil  rearrangement 

[5,6]. 


\/\ 


4 


0- 


I 

o 


I  1 


I/ 


The  hydroxy-  and  dihydroxybenzils  used  in  the  present  work  were  prepared  by  demethylatlon  of  tire 
corresponding  methoxy-  and  dlmethoxybenzils.  We  used  pyridine  hydrocliloride  as  demethylating  agent.  It 
proved  very  convenient  and  gave  excellent  yields  of  hydroxybenzils.  In  the  past  these  hydroxybenzils  were 
prepared  by  demethylation  in  presence  of  hydrobromic  acid  or  aluminum  chloride.  The  latter  reagents  generally 
give  lower  yields  and  are  very  much  less  convenient,  especially  when  large  quantities  of  substance  ate  being 
prepared.  We  made  use  of  hydrobromic  acid  only  for  incomplete  demethylatlon  of  dlmethoxybenzils.  In  Table 
4  are  presented  data  for  tlie  original  methoxy-  and  dimethoxybenzlls  and  tlie  preparation  of  hydroxy-  and 
dihydroxybenzils  from  tltem.  Literature  data  are  included  for  comparison. 
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EXPERIMENT  A  L 


Mcthoxyhenzl  1  s 

4-Mcthoxy-,  2,2'-  and  4,4'-dlnicthoxybcii2lls  were  prepared  from  ihe  corresponding  benzoins  [14-16]  by 
oxidation  wltli  copper  sulfate  in  aqueous  pyridine  [17], 

2-Methoxybenzil.  To  a  solution  of  44  g  of  commercial  selenious  acid  in  145  ml  of  crude  dioxane  was 
added  64.8  g  of  2- metlioxyplienyl  benzyl  ketone  [18J.  The  solution  was  boiled  for  10  hours,  filtered  from 
precipitated  selenium  and  evaporated.  The  solid  product  was  recrystallized  from  alcohol.  Yield  about  SOfo. 

Hydroxybenzils 

Complete  demethylation  of  methoxy-  and  dimethoxybenzils.  The  starting  substance  was  quickly  triturated 
wltli  double  its  weight  of  pyridine  hydrochloride.  The  mixture  was  put  into  a  flask  protected  with  a  calcium 
chloride  tube,  and  heated  for  2  hours  at  180*  (in  the  case  of  2- methoxy-  and  2,2’-dlmethoxybenzils)  or  at  200* 

(in  the  case  of  4- methoxy-  and  4,4'-dimethoxybenzils).  The  reaction  mixture  was  poured  Into  water,  and  the 
product  was  filtered,  dried  and  recrystallized.  If  the  crude  product  did  not  dissolve  completely  in  alkali,  it  was 
reprecipitated  from  the  filtered  alkaline  solution. 

Partial  demethylation  of  dimethoxybenzils.  4-Hydroxy- 4*- methoxybenzil.  4,4'-Dlmethoxybenzil  (43  g) 
was  boiled  for  2  hours  in  a  mixture  of  acetic  acid  (430  ml)  and  hydrobromic  acid  (d  1.48)  (86  ml).  The 
reaction  mixture  was  then  poured  into  water.  The  filtered  precipitate  was  treated  with  dilute  aqueous  alkali 
until  the  hydroxybenzll  was  fully  extracted.  The  hydroxybenzll  was  then  isolated  by  acidification.  The  yield 
given  in  Table  4  was  calculated  with  allowance  for  the  unreacted  dimethoxybenzil.  Careful  crystallization  from 
benzene  gave  4-hydroxy-4'-metlioxybenzll  in  the  form  of  yellow’  crystals.  Heating  above  110-120*  or  recry stalliza- 
tloh  from  aqueous  alcohol  yielded  a  colorless  modification  which  melted  at  162-163*. 

Found  <7o;  C  70.05,  70.12;  H  5.02,  4.99.  C15H12O4.  Calculated  <7o:  C  70.33;  H  4.72. 

2-Hydroxy- 2*- metlioxybenzil  was  similarly  prepared. 

Hydroxybenzilic  Acids  and  Their  Derivatives 

Two  metliods  of  rearrangement  were  used. 

A.  Hydro,xybenzil  (10  g)  w'as  charged  into  a  melt  of  10  g  of  potassium  hydroxide,  10  g  of  sodium  hydroxide 
and  7.5  ml  of  water  at  125*.  The  bath  was  heated  to  150*  for  10-15  minutes  with  continuous  stirring  and  trituration 
of  tlie  mixture  by  hand.  A  colorless  slurry  of  the  salt  of  tlie  acid  was  formed.  The  salt  was  dissolved  in  water,  and 
ilie  solution  was  carefully  neutralized  witli  hydrochloric  acid  until  the  yellow  color  (due  to  traces  of  unreacted 
hydroxybenzll)  had  disappeared.  After  filtration,  the  solution  was  made  acid  to  Congo.  The  acid  was  extracted 
with  etlier,  and  the  ethereal  solution  was  washed  witli  water  and  dried  with  sodium  sulfate.  The  etlter  was  removed 
without  heating  during  preparation  of  acids  (111- VI). 

B.  Good  yields  of  acids,  except  (111),  were  obtained  also  by  3-6  hours*  boiling  of  hydroxybenzils  in  a  5-8- 
fold  molar  excess  of  20-35‘v()  aqueous  potassium  hydroxide. 

Lactones  of  acids  (IV- Vl)  were  prepared  by  heating  of  the  acids  at  80-105*  for  2-3  hours.  They  crystallized 
on  rubbing  or  on  introduction  of  a  seed  crystal.  Reverse  transformation  to  acid  was  realized  easily  by  treatment 
of  the  lactones  with  dilute  alkali  solutions  followed  by  acidification. 

Silver  salts  of  acids  (IV-VI).  Equimolar  quantities  of  lactone  or  acid  and  3.5- 5fo  aqueous  potassium 
hydroxide  were  heated  to  the  boil.  The  solution  was  extracted  with  ether  and  heated  for  removal  of  the  latter. 

The  salt  was  precipitated  with  concentrated  silver  nitrate  solution,  filtered,  washed  with  a  little  water,  and  dried 
to  constant  weight. 

Methyl  esters  of  acids  (IV-Vl).  A  suspension  of  the  silver  salt  of  the  acid  in  dry  etlier  was  treated  with 
methyl  iodide.  The  solution  was  filtered  after  dilution  with  acetone;  it  was  then  evaporated.  The  esters 
crystallized  on  rubbing  or  on  addition  of  a  seed  crystal. 
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Experiinents  for  Evaluation  of  Relative  Rates  of  Rearrangement 

In  each  of  three  experiments,  equimolar  quantities  (0.0041  mole)  of  a  pair  of  hydroxybenzlls  were 
dissolved  In  Identical  amounts  of  aqueous  potassium  hydroxide:  in  30  ml  of  IS^o  KOH  solution  in  Expis.  1  and 
3  and  in  6  ml  of  30%  KOH  solution  in  Expt.  2.  The  solutions  were  refluxed  on  a  glycerol  bath  whose  tem¬ 
perature  was  kept  at  125*.  After  the  boiling,  the  solutions  were  diluted  wlili  water,  and  unreacted  hydroxy¬ 
benzlls  were  removed  by  careful  neutralization  witli  hydrocliloric  acid  until  the  yellow  color  had  disappeared. 
After  filtration  and  drying  to  constant  weight,  the  recovered  materials  w-ere  found  to  be  Identical  witli  the 
original  substances.  The  filtrate  was  made  acid  to  congo  and  thoroughly  extracted  witli  ether;  the  ether  was 
driven  off.  Crystalline  acids  (1  and  111)  were  dried  to  constant  weight,  but  acids  (IV  and  VI)  were  first 
lactonlzed  by  heating. 


SUMMARY 

1.  The  benzil  rearrangement  of  six  hydroxy-  and  dihydroxybenzlls  was  carried  out  and  tlie  corresponding 
hydroxy-  and  diliydro.xybenzllIc  acids  were  obtained.  Lactones  and  metliyl  esters  of  some  of  tliese  acids  were 
prepared. 

2.  2-Hydroxy-  and  2, 2’- dihydroxybenzlls  were  found  to  rearrange  faster  than  4-hydroxy-  and  4,4’- 
dlliydroxybenzlls,  respectively.  An  explanation  of  this  phenomenon  was  advanced. 

3.  By  using  pyridine  hydrochloride  as  demethylatlng  agent  It  was  possible  to  improve  the  yields  and  to 
effect  a  more  convenient  synthesis  of  some  hydroxy-  and  dihydroxybenzlls. 
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THE  MECHANISM  OF  INTERACTION  OF  DIBORANE  WITH  OLEFINS 

A.  F.  Zhlgach,  V.  N.  Slryaiskaya,  I.  S.  Antonov, 
and  S .  Z.  Makaeva 

Translated  from;  Zhurnal  Obshchei  Khlmii,  Vol.  30,  No.  1,  pp.  227-230,  January,  1960 
Original  article  submitted  January  24,  1959 


According  to  the  llterature,the  reaction  of  diborane  with  various  olefins  at  temperatures  of  0  to  100*  proceeds 
with  high  velocity  with  formation  of  highly  polymeric  products  containing  boron,  carbon  and  hydrogen  [1], 

Careful  performance  of  the  reaction  (gradual  heating,  definite  ratio  of  reactants)  leads  to  addition  of 
diborane  at  the  carbon  —  carbon  double  bond  with  formation  of  trlalkyl  derivatives  of  boron  [^. 

A  proposed  mechanism  of  the  process  of  Interaction  of  diborane  with  excess  of  olefins,  based  on  data  for 
reaction  of  diborane  with  ethylene  [3],  Involves  successive  formation  of  alkyldlboranes  [RB2H5  (I),  R2B2H4  (II), 
RjBjHj  (III),  etc.]  according  to  the  equations; 


HaHo  2BH3  (IV), 

Rallc  -f  HH3  Balln  (V), 

113 -f- BaH.il  ■'nH2n+l  (VI). 
Hoilr.CJIan+i  +  H3«l8C»H2-.+i  (VII). 

B3ll8C.(l2na  +  CJl2f.  nil3+  n2ll4(C«M.,„^,)2  (VIII). 

B3M4(C.H2»+i).>  +  C„Il2«  — -  BIl3  +  2D(CJl2„^,)3  (IX) 


In  theory  a  boron  atom  can  add  on  to  any  of  the  carbon  atoms  at  the  double  bond,  and  we  should  therefore 
expect  formation  of  two  Isomers  during  tlie  reaction.  Hurd  [1,  2]  reports  the  formation  of  equal  quantities  of  two 
isomeric  organoboron  compounds,  for  example: 

CIl3\  /Clhv  \ 

Ballf,  f  6  >C=CIl2  2R  CIla^G  )  (X) 

Cll3^  Vcih/  /3  • 

C1I3V  /Cn3.  \ 

BjHs  -f-G  >C-=Cll2  -*  2B  )cn-cil2  (XI) 

c\\/  \cii3/  !z 

According  to  Eq.  (X)  the  addition  follows  die  Markovnlkov  rule  and  the  reaction  product  Is  trltert -butyl- 
boron.  According  to  Eq.  (Xl)  a  hydrogen  atom  adds  on  to  die  less  hydrogenated  carbon  atom,  and  the  reaction 
product  Is  trilsobutylboron. 

Other  workers,  however,  point  out  [4,  5]  that  the  corresponding  primary  alcohols  are  obtained  when 
organoboron  compounds  are  synthesized  by  reduction  of  olefins  widi  sodium  borohydrlde  in  presence  of  aluminum 
chloride. 
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In  view  of  tlie  conflicting  reports  In  the  literature  about  the  sequence  of  addition  of  dlborane  to  olefins, 
we  Investigated  the  mechanism  of  tliese  additions.  We  prepared  tripropyl-,  tributyl-  and  triisobutylborons. 

The  structure  of  die  resulting  alkylborons  was  establislied  widi  die  help  of  o.\idation  and  hydrolysis  to  die 
corresponding  alcohols  and  boric  acid  according  to  die  equation  [6]; 

KOII  K!{02-[-3G„ll2„+,OII  +2II0O.  (XII) 

Tlie  alcohols  were  Isolated  and  examined.  In  all  cases.  It  was  found  diat  the  main  products  of  oxidation 
and  hydrolysis  of  the  alkylborons  are  primary  alcohols.  Direct  proof  was  thereby  obtained  of  the  addition  of 
diborane  to  the  double  carbon  —  carbon  bond  according  to  Eq.  (XI),  i.c.,  contrary  to  the  Markovnikov  rule. 
According  to  Scheme  (X)  die  reaction  products  should  have  been  tertiary  alcohols  in  the  case  of  interaction  of 
dlborane  widi  isobutene,  and  secondary  alcohols  in  die  case  of  interaction  of  diborane  with  propylene. 

EXPERIMENTAL 


Preparation  of  Alkylborons 

All  experiments  were  performed  widi  diborane  which  had  been  carefully  purified  (diborane  content  over 
99"Jo).  Olefins  were  prepared  by  catalytic  dehydration  of  the  alcohols  over  alumina  at  350-360*.  The  alcohols 
were  rectified  beforehand  and  fractions  boiling  within  a  2*  range  were  collected.  The  gaseous  olefins  were  passed 
through  drying  towers  filled  with  calcium  chloride.  The  olefin  content  of  each  sample  was  not  less  dian  dS’^o, 
Reactions  were  carried  out  in  a  nitrogen  atmosphere  widi  exclusion  of  air  and  moisture. 

Preparation  of  tripropylboron.  This  was  performed  in  a 
fiyi)  circulating  system.  The  diborane  concentration  of  tlie  diborane — 

Y  propylene  gas  mixture  was  3.5-3.8‘^?o.  The  temperature  in  the 

reaction  zone  was  230-  250*.  Under  these  conditions  diborane 
K  ^  entered  into  reaction  quantitatively.  From  1.4  g  of  diborane  was 

1^1  I  »  obtained  14.1  g  of  tripropylboron  (yield  of  over  OO'Vo  on  die 

^  j  I  ^  diborane).  The  crude  tripropylboron  contained  of  boron. 

^  j"  1  JT  (VS^  A  small  quantity  of  propyldiboranes  was  detected  as  impurity. 

1^  -  Rectification  in  vacuo  at  a  residual  pressure  of  20  mm  and  59-60* 

/  I  \  yielded  12.9  g  (91%)  of  pure  tripropylboron. 


Found  %:  B  7.70}  C  76.98;  H  14.90. 
Calculated  %;  B  7.74;  C  77.24;  H  15.02. 


Apparatus  for  oxidation  of  organoboron  Preparation  of  trlisobutylboron.  The  same  procedure  was 

compounds.  Explanation  in  text.  employed.  From  1.6  g  of  diborane  was  obtained  20.9  g  (over 

99%)  of  crude  trlisobutylboron.  Rectification  in  vacuo  at  a 
residual  pressure  of  20  mm  and  85-86"  gave  19.3  g  (92%)  of  pure  trlisobutylboron. 


Found  %i  B  6.0;  C  79.10;  H  14.90.  C12H27B.  Calculated  %:  B  5.94;  C  79.12;  H  14.90. 

Tributylhoron  was  similarly  prepared.  From  1.3  g  of  diborane  was  obtained  17  g  of  crude  tributylboron. 
Yield  (on  diborane)  99%.  Rectification  of  tlie  crude  product  in  vacuo  at  a  residual  pressure  of  9  mm  and  89-90* 
gave  16  g  (94%)  of  pure  tributylboron. 

Found  %:  B  5.98;  C  79.02;  H  14.80.  C12H27B.  Calculated  %:  B  5.94;  C  79.12;  H  14.90. 
Oxidation  of  OrganoboronCompounds 


Oxidation  of  tripropylboron.  The  reaction  was  carried  out  In  tlie  apparatus  sketched  in  the  diagram.  Into 
reaction  vessel  1,  fitted  with  dropping  funnel  2  and  a  stirrer,  were  charged  34  g  of  tripropylboron  and  40  g  of  50% 
potassium  hydroxide  solution.  Into  tliis  mixture  was  gradually  stirred  (from  the  dropping  funnel)  22  g  of  40% 
hydrogen  peroxide.  Any  entrained  fine  particles  of  liquid  products  were  deposited  in  bottle  3  or  decomposed  in 
vessel  4.  The  temperature  of  the  reaction  mixture  did  not  exceed  20".  On  completion  of  die  reaction  (in  3.5 
hours)  die  aqueous  alcdiolic  layer  was  separated  and  42  g  of  crude  alcohol  (95%)  was  distilled  off  from  it.  The 
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crude  alcohol  was  carefully  dehydrated  by  hcatliiR  over  calcined  copper  sulfate.  Tire  dehydrated  alcdiol  was 
rectified  at  atmospheric  pressure  and  tire  95.5-97.5*  fraction  was  collected,  lire  boiling  point  is  tlie  same  as 
tliat  of  n- propyl  alcohol. 

Oxidation  of  trllsobutylboron.  From  30  g  of  trlisobutylboron  was  obulncd  35  g  (95'7o)  of  Isobutyl  alcohol. 
After  tliorough  dehydration  over  calcined  copper  sulfate,  the  product  was  rectified  to  give  an  alcohol  wltli  b.  p. 
106.5-108®.  The  boiling  point  was  the  same  as  that  of  Isobutyl  alcohol. 

Oxidation  of  trlbutylboron.  Oxidation  of  32  g  of  trlbutylboron  gave  37.5  g  (96%)  of  butyl  alcohol. 
Thorough  dehydration, followed  by  tectlflcation,gave  an  alcoliol  boiling  at  115.5-117*.  The  boiling  point  1$ 
that  of  n- butyl  alcohol.  Data  for  tlte  Isolated  alcohols  arc  set  forth  In  tlie  ubie. 


Properties  of  the  Alcohols 
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n- Propyl 
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1.3.' .5 

0.803 

0.803 

59.81 

1,3.51 

59.96 

13.42 

Isohiityl 

1()().5--108 

108.1 

1.395 

1.395 

0.802 

0.802 

61.78 

13.68 

61.82 

13.66 

n-Butyl 

115.5—117 

1117 

1.399 

1.399 

0.809 

0.809 

61.71 

13.65 

61.82 

1 .1.66 

SUMMARY 

1.  The  following  alkylborons  were  prepared  by  reaction  of  dlborane  with  olefins;  trlpropyl-,  trlbutyl 
and  trllsobutylborons. 

2.  Oxidation  of  alkylborons  wltli  hydrogen  peroxide  In  presence  of  potassium  hydroxide  was  studied. 
Oxidation  of  trlpropylboron  gives  n- propyl  alcohol,  oxidation  of  trlbutylboron  gives  n- butyl  alcohol,  and  oxida¬ 
tion  of  trlisobutylboron  gives  Isobutyl  alcohol, 

3.  It  was  established  tliat  reaction  of  dlborane  wltli  olefins  results  in  addition  of  boron  at  the  primary 
carbon  atom. 


LITERATURE  CITED 

[1]  D.  Hurd,  J.  Am.  Chem.  Soc.  2053  (1948). 

[21  D.  Hurd,  Introduction  to  the  Chemistry  of  Hydrides  [Russian  translation]  (IL,  1935). 

[3]  A,  Whatley  and  R.  Pease,  J.  Am.  Chem.  Soc.  7^,  835  (1954). 

[4]  H.  Brown  and  3.  Subba,  J.  Am.  Chem.  Soc.  7^  5694  (1956). 

[5]  Chem.  Eng.  News  28  (1957). 

[6]  H,  Shyder,  J.  Kuck,  and  J.  Johnson,  J.  Am.  Chem.  Soc.  121  (1938). 

[7]  A.  E.  Cliichibabln,  Principles  of  Organic  Chemistry  [In  Russian]  (Sute  Chem.  Press,  1953),  I. 

[8]  Handbook  of  Chemistry  [In  Russian]  (1957),  11. 


245 


DEMETH  Y  LATION  OF  TOLUENE  AND  XYLENE  UNDER  DESTRUCTIVE 
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D.  M.  Maiorov 

Translated  from:  Zhurnal  Obshchel  Khiinii,  Vol.  30,  No.  1,  pp.  230-232,  January,  1960 
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Demethylation  of  toluene  or  xylene  under  destructive  hydrogenation  conditions  is  an  interesting  possibility 
of  production  of  benzene  apart  from  the  usual  methods  based  on  coking  of  coal  and  dehydrogenation  of  cyclo¬ 
hexane.  Toluene  and  xylene  can  be  produced  on  a  considerable  scale  by  present-day  methods  of  petroleum 
processing.  Demethylation  of  toluene  in  presence  of  hydrogen  was  carried  out  by  F.  Fischer  in  a  tinned  iron 
tube  at  750*  [Ij.  Hofman  and  Lang  also  realized  this  reaction  witliout  a  catalyst  but  at  an  initial  hydrogen 
pressure  of  70  atm  and  a  temperature  of  460"  [2].  According  to  I.aidler  and  Szayna,  tlie  hydrogenation  of 
toluene  in  presence  of  molybdenum  sulfate  at  490"  tor  1  hour  leads  to  formation  of  25*70  of  benzene  [3].  P.  V. 
Puchkov  and  A.  F.  Nikolaeva  point  out  that  tliey  did  not  find  benzene  among  the  reaction  products  after  hydro¬ 
genation  of  toluene  in  presence  of  molybdenum  disulfide  at  400",  but  that  the  crude  product  contained  12.4'7o 
of  benzene  at  470"  under  otherwise  identical  conditions  [4j.  B.  L.  Moldavskii  and  L.  S.  Bezdel'  effected  the 
dealkylation  of  14  alkylbenzenes  over  an  activated  natural  aluminosilicate  (gumbrine)  at  410’  witliout  introduc¬ 
tion  of  hydrogen  into  the  reaction  zone  [5].  The  yield  of  benzene  from  the  majority  of  these  hydrocarbons  was 
Insignificant,  and  only  in  one  case  (isobutylbenzene)  did  it  reach  677o.  Silsby  and  Sawyer  [6J  carried  out  ex¬ 
periments  on  demetliylation  of  toluene  and  xylenes  at  various  temperatures  and  pressures  of  hydrogen  and  derived 
a  series  of  kinetic  relations. 

As  far  as  we  know,  nobody  has  yet  undertaken  a  thermodynamic  analysis  of  demethylations  of  methyl- 
benzenes  in  presence  of  hydrogen.  In  the  present  work  we  calculate  the  yields  of  benzene  in  dependence  on 
temperature  for  the  reactions; 

CGn.:iCH3  -f  Hz  CrHg  -f  CII4, 

Con4(CH3)2  +  2M2  :;:±  c„ii«  +  2GH4. 

Since  these  reactions  proceed  without  volume  change,  the  pressure  cannot  upset  tlie  equilibrium  position. 
The  necessity  for  application  of  high  hydrogen  pressure  for  demethylation  of  toluene  or  xylene  can  only  arise  in 
connection  with  the  safeguarding  of  tlie  catalyst  against  coke  deposition  (i.e.,  avoidance  of  far-reaching  de¬ 
composition  which  may  occur  at  high  temperature). 

Hydrogenation  of  the  benzene  ring  to  the  cyclohexane  ring  and  subsequent  decomposition  of  the  latter  to 
products  of  low  value  are  not  considered  here.  The  thermodynamic  values  for  the  above- noted  hydrocarbons 
and  hydrogen  are  taken  from  A.  A.  Vvedenskii’s  monograph  [7].  p- Xylene  was  used  in  the  calculation  of 
reaction  (11). 

It  is  known  that  die  dependence  of  die  equilibrium  constant  on  the  thermal  effect  of  a  reaction  is  expressed 
by  die  equations: 


(I) 

(II) 
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(Ill) 


.  .  ^//o  Al'o  .  AI’i  AI'2  / 

^  —  /,  .r,7;,  .  y.-  +  ~l“?)S(T  ^  +  2  •  liT'/i.fjTr  +  •  •  *  “  /i.573 

A//  =  A//o  1-  Al’,,/-  H-  7  2  f  .'j  Ar27-1  4-  . .  . 


(IV) 


The  coefficients  A  To,  A  Tj,  and  A  r  j  are  found  from  the  equations  relating  the  heat  capacities  of  hydro¬ 
carbons  and  hydrogen  to  tlie  temperature  [7J. 

For  reaction  (I)  A  T  o  =»  “  3.64,  Ari=-  0.0036,  Ara=  0.0000008.  For  reaction  (II),  Aro=“7.72, 

A  ri  =  0.00408,  A  Fa  =  0.0000009. 

From  the  heats  of  combustion  and  heats  of  formation  of  the  substances  participating  in  reactions  (I)  and 
(II),  we  find  the  thermal  effects  of  the  reactions  at  298*  K,  which  have  the  values  of  —  10015  for  reaction  (I) 
and  —  20241  Real/ mole  for  reaction  (II). 

Inserting  the  values  found  in  Eqs.  (Ill)  and  (IV)  and  rearranging,  we  obtain: 

Ig  A'l.j  -  -  1 .833  Ig  T  -  0.00031)3  7’  |-  0.000000029  7’=  -f  5.823  (V) 

Ig  -=  ‘1^-3.887  Ig  T  1-  0.0004'»()  7’  f  0.0000000328  1-  12.688.  (VI) 

Values  of  equilibrium  constants  calculated  from  these  equations  for  various  temperatures  ate  set  forth  in 
the  table.  We  see  that  the  equilibrium  constants  decrease  with  rising  temperatures;  tlie  equilibrium  constants 
of  reaction  (II)  are  larger  than  those  of  reaction  (I)  by  several  powers  of  ten. 

Numerical  Values  of  Equilibrium  Constants  Calculated  from  Eqs. 

(V)  and  (VI) 
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For  reaction  (I)  let  each  mole  of  equilibrium  mixture  at  temperature  T  contain  x.  moles  of  benzene;  let 
tlie  corresponding  number  of  reaction  (II)  be^.  From  tlie  terms  of  the  problem,  x  <  and  y  :<  Vs  *  hence 


4x2 

^  1  —  4x  -j- 


(VII) 


.. _ W _ 

5)y -f  27y2  _  27y3 


(VIII) 


After  rearrangement,  we  have 
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4  -  1 )  x2  -  4  -}-  Kp^  =  0 


(IX) 


27  (A-;-,,  +  1)  1/  -  27A>^jy2  nA'p^^t/  -  Kp^  ^  =  0 


(X) 


When  Kp  »  1,  Eqs.  (IX)  and  (X)  transform  to  the  equations 


^  x  ^ 

(XI) 

1  1 

(XII) 

and  hence  x  =  and  y  =  Vs- 

Since  the  magnitudes  of  Kp^  and  Kp^^  in  the  300-1000*  K  temperature  range  considerably  exceed  unity, 

we  can  conclude  that  the  equilibrium  of  reactions  (I)  and  (II)  is  completely  shifted  in  the  direction  of  formation 
of  benzene  and  methane. 


SUMMARY 

Demetliylation  of  toluene  and  xylenes  under  destructive  hydrogenation  conditions  can  be  carried  out  in  a 
wide  range  of  temperatures.  The  practical  realization  of  the  reaction  calls  for  a  catalyst  in  whose  presence  the 
reaction  will  proceed  with  adequate  speeds. 
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Previously  [1]  we  Investigated  the  interaction  of  ethylene  oxide,  propylene  oxide,  epichlorohydrin,  glycide 
metliyl  ester,  cyclohexene  oxide  and  styrene  oxide  with  organochlorosilanes.  Special  attention  was  paid  in  these 
investigations  to  the  sequence  of  opening  of  the  oxide  ring  of  unsymmetrlcal  a- oxides. 

The  purpose  of  the  present  work  was  the  study  of  the  interaction  of  glycidol  with  organochlorosilanes.  The 
literature  on  this  problem  [2]  Indicates  that  glycidol  reacts  with  RnSiCl^.  n  according  to  the  equation 

R„SiCl4_„  +  (4-n)  H2C-CHCII2OH  R„Si(0CH2CllClCH20H)4_„.  .  . 

\/ 

0 

The  structures  of  the  resulting  compounds  and  the  sequence  of  rupture  of  the  oxide  ring  of  glycidol  had 
not  been  established. 

It  seemed  to  us  that  glycidol  in  its  reactions  with  organochlorosilanes  would  behave  similarly  to  eplchloro- 
hydrln  and  glycide  methyl  ether  wltli  rupture  of  the  oxide  ring  on  the  side  of  the  less  hydrogenated  carbon  atom: 

/  /CH2CI  \ 

R„SiC!4_„-f-(4  — n)  H2C-CHCH2OH R„Si  OCIK 

\/  \  ^01120  H/^_„  (2) 

0 


in  order  to  clarify  this  point,  we  studied  tlie  reaction  of  glycidol  with  the  following  organochlorosilanes: 
CH3SiCl3,  (CHjJjSiClj,  (CH3)3SiCl  and  CH3SiHCl2.  Formulas  and  some  properties  of  the  compounds  obtained 
are  set  forth  in  the  table. 

The  structure  of  the  prepared  compounds  was  confirmed  by  their  hydrolysis.followed  by  reduction  of  the 
products  of  hydrolysis  with  sodium  amalgam  [3J.  In  all  cases  a- propylene  glycol  was  obtained  in  good  yield. 
This  could  only  have  been  formed  from  the  products  of  reaction  (2)  according  to  the  following  scheme 

/  /CH2CI  \ 

R„Si  OCII<  ] 

\  ^ciioOiiA— 

R„Si(OH)4_„  -f  (4  —  ;i)  ClCn2CH0HCH20H 
CICH2GHOIICH2OH  Cn3GH0HCH20II 
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Glycidol  differs  from  the  a-oxides  that  we  previously 
studied  iti  coinaiiiiiig  two  reactive  groups.  Notwithstanding 
that  the  a- oxide  ring  has  a  far  greater  reactivity  than  the 
alcohol  group,  tlie  latter  still  has  considerable  activity, 
especially  in  reactions  with  organochlorosilanes  containing 
two  or  more  chlorine  atoms.  Evidence  of  tliis  is  the  forma¬ 
tion  of  large  quantities  of  high-molecular  products  (still 
residues).  It  should  be  noted  that  the  products  of  reaction 
of  glycidol  with  organochlorosilanes  are  not  thermally  or 
hydrolytically  stable  (in  particular  the  product  of  reaction 
of  glycidol  witli  CH3SiHCl2,  wiiich  could  not  be  fractionated). 

EXPERIMENTAL 


3  :::  u  _ 
->  u  \  / 
3 


Preparation  of  di- («- chloro-y  -hydroxyisopropoxy)- 

dimethvlsilane.  A  four- necked  flask  was  fitted  with  a 

-  -  * 

mechanical  stirrer  passing  through  a  reflux  condenser,  two 
dropping  funnels  and  a  thermometer.  From  the  two  dropping 
funnels  were  gradually  introduced  (simultaneously)  glyeidol 
(30.5  g)  and  dimethyldichlorosilane  (25.8  g).  The  glycidol 
was  added  at  such  a  rate  that  it  was  always  present  in  slight 
excess  in  the  flask  and  the  temperature  did  not  exceed  30*. 

The  reaction  mixture  was  thereupon  heated  for  4  hours  at 
50-60*,  and  the  reaction  products  were  fractionated  in  vacuo. 
At  96-97*  (4  mm)  was  collected  32.9  g  (59.4'7o)  of  di- 
(a-chloro-y  -hydroxyisopropoxy)-dimethylsilane  whose  con¬ 
stants  are  set  fortli  in  the  table. 

The  same  procedure  was  followed  for  the  otlier  syntheses. 

Hydrolysis  of  di-(ot-chloro-y-hydtoxyisopropoxy)- 
dimethylsilane  and  reduction  of  the  products  of  hydrolysis. 

The  starting  substance  (20  g)  was  put  into  a  three- necked 
flask  fitted  witli  mechanical  stirrer,  dropping  funnel  and 
thermometer.  Water  (10  ml)  to  which  had  been  added 
concentrated  HCl  (0.7  ml)  was  added  from  the  dropping 
funnel.  Addition  of  the  acidified  water  to  the  stirred  liquid 
caused  the  temperature  to  rise  slightly  (30-35*).  After  4 
hours'  stirring,foIlowed  by  overnight  standing,  two  liquid 
layers  formed.  The  upper,  oily  layer  was  collected  and  the 
aqueous  layer  was  fractionated.  Distillation  of  the  water  was 
followed  by  collection  of  a  substance  whose  properties  were 
very  similar  to  those  of  glycerol  a-chlorohydrin.  The 
structure  of  the  latter  was  confirmed  by  reduction  with  sodium 
amalgam  while  shaking  for  three  days.  From  the  reduction 
products  was  isolated  6  g  of  a  colorless  and  odorless  liquid 
with  a  sweet  taste;  b.  p.  188*,  n^D  1.4321,  d®4  1.0387, 
MRp  19.01.  Its  properties  corresponded  to  tliose  of  a- pro¬ 
pylene  glycol. 

Literature  data  for  a- propylene  glycol  [4]:  b.  p. 

188.2*,  188-189*,  n®D  1.432,  d“4  1.038,  1.040; 

MRj)  19.12. 
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SU  MMARY 


1.  Condensation  of  organochlorosllanes  with  glycldol  is  accompanied  by  rupture  of  the  oxide  ring  on  the 
side  of  the  secondary  carbon  atom. 

2.  Tliree  a-chloro-y -hydroxylsopropoxyorganosilanes  were  prepared  and  characterized*  another  structure 
liad  been  assigned  to  tliem  In  the  literature. 
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COMPOUNDS 
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Many  methods  of  preparation  of  pure  metals  are  described  in  tlie  literature.  Thermal  decomposition  of 
iodides,  bromides  and  chlorides  is  widely  practiced  for  this  purpose.  Preparation  of  pure  aluminum  by  decom¬ 
position  of  organometallic  compounds  was  recently  reported  [Ij.  We  thought  fit  to  apply  tlie  metliod  of  thermal 
decomposition  to  organosilicon  compounds  with  tlie  objective  of  preparation  of  pure  silicon. 

Synilieses  of  organosilicon  compounds  have  been  worked  out  in  fair  detail,  and  there  are  a  large  number 
of  investigations  in  this  field  12-8J.  Little  work  lias  been  publislied  on  the  composition  of  the  products  of  break¬ 
down  of  these  compounds  L9-11J.  On  the  basis  of  Waring's  data  [9]  we  may  put  forward  the  following  scheme 
for  tlieriiial  breakdown  of  tetraetliylsllane. 


Si(C2llr,)4  Si  f /iCjUs-, 

Si(C2H5)4  — ^  •  Si((j2^L'i)3  "f"  ■  O2II5  (slow), 

•  Si(C2ll.';).T  — *■  Si  3C2Hr,  •  (slow), 

.  C21I5  -V  €2114  +  11. 

211  — >  II2  (fast), 

C2H4  — >  CII4  I  (■-  (slow). 

This  scheme  postulates  several  steps  leading  to  silicon,  carbon,  hydrogen  and  hydrocarbons  as  end-products. 

It  was  establislied  tliat  the  most  stable  hydrocarbon  during  pyrolysis  of  organosilicon  compounds  is  methane, 
whose  formation  is  always  associated  witli  deposition  of  carbon  [9-llJ. 


EXPERIMENTAL 

Starting  substances  were  substituted  silanes,  alkylhalosilanes  and  substituted  ethers.  Eleven  organosilicon 
compounds  in  all  were  e.xaniined. 

The  synthesized  compounds  were  repeatedly  distilled,  a  middle  cut  being  collected  in  each  case.  The 
investigated  compounds  are  listed  and  their  physical  properties  set  forth  in  Table  1. 

Thermal  decomposition  of  the  organosilicon  compounds  was  carried  out  in  the  apparatus  sketched  in  Fig.  1. 
It  comprised  a  quartz  reaction  tube  1  (inside  diameter  26  mm),  a  quartz  vaporizer  2,  a  vacuum  funnel  3  and  a 
trap  4  (cooled  with  liquid  nitrogen).  All  parts  were  joined  by  ground- glass  fittings  5.  The  organosilicon  com¬ 
pounds  were  pyrolyzed  at  the  walls  of  the  reaction  tube  and  in  isolated  cases  on  tantalum  sheet  located  in  the 
reaction  tube.  The  pressure  in  the  system  was  measured  by  a  mercury  gauge  7.  At  the  end  of  the  reaction  tube 
was  a  No.  16  quartz  filter  which  lowered  the  flow  rate  of  the  compound  and  prevented  solid  products  of  break¬ 
down  from  being  carried  out  of  tlie  tube.  Pyrolysis  was  performed  at  temperatures  of  300  to  1200*  and  a  residual 
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pressure  of  r)0-80  miii}  llie  rate  of  vaporization  of  the  substances  was  0.03-0.04  nil/scc.  Tlic  reaction  tube  was 
Inserted  in  a  tube  furnace,  and  teiiiperatnres  were  nieasurcd  at  three  points.  The  temperature  gradient  along 
the  length  of  the  reaction  tube  did  not  exceed  20-30*. 

% 

TABLE  I 


Physical  Properties  of  Starting  Substances 


•d 

B  . 

o  o 

or. 

Names  and  formulas  of  compounds 

B.  p. 

1 

Tetramethylsllane  ((’,113)481  [2—4,  'J| 

2t).r)° 

1 

0.045 

1.3478 

•t 

1  Teiraethylsllane  ((:oIl-,)4Si  |2.  4,  9j 

151  — 153 

0.7002 

1.424 

1  Mcthvldiethylsilanc  CH  )((>2iI.-,)2SiH 

70 

— 

.  — 

'i 

1  Methyldibutylsilane  Cll-)((:4nn)2^5ill 

52— oilSmtn 

)  - 

— 

r. 

ITrieUiylphenylsilane  (C2ll-.)3ColI-,Si  [2.  b] 

1  ('.ii2-cii-cn2v 

230 

0.900(0°) 

— 

0 

i  Allylmethylphenylsilane  ^  \SilICll3 

77.0 

0.8755 

1 .4934 

7 

I  Dimetliyleihylphenylsllant^cihViSiicJl-.AH-.  1^’ 

197—190 

0.881 

— 

« 

iMetliyldichlorosilaneCMsSillCI^ 

40.0 

1.105 

— 

0 

|EtlivldichlorosilaneC2H-Sincl'>  [2.  8) 

74.9 

— 

— 

1(1 

1  Dimetliyldietltoxysllane  (Clhl'^SifOC-?!!.-,)?!  l^l 

111  —  114 

0.890 

1.3839(2.5°) 

1 1 

i  Phenvlmethyldiethoxysilane 
|(;,,ii,vCii3iSi(U(:2n5)2l-l 

221.5 

Note.  Compounds  3,  5  and  6-9  were  provided  by  V.  F.  Mironov,  compounds  10  and 
11  by  K.  A.  Andrianov. 


TABLE  2 

Content  of  Carbon  in  Starting  Substances  and  in  Their  Pyrolysis  Products 


Initial  | 

Carbon  content  (in  %) 

Compounds  investigated 

temp,  of 
pyrolysis 

c  ^1 

in  solid  bre 
at  pyroly 

jakdown  prod 
sis  ternperatu 

ucts  obtained 

re 

BCc 
c'n  0 
-  0  0 

600® 

JiOO’  j 

1000'' 

1200° 

(0113)48! 

000°* 

54 

25.3 

27.3 

28.3 

. 

(CjIt.OrSi 

580* 

00.7 

20.5 

22.0 

:50.o 

31.4 

01l3((:oll-,)2SiH 

000 

.58.8 

23.8 

25.5 

2t).7 

— 

Cll3((;4Uy)2SiH 

1000 

08.3 

Does  not 
decomp. 

Does  not 
decomp. 

10.3 

19 

(OolI-.)3C,-,l!5Si 

800 

75 

Ditto 

25.3 

— 

— 

cii.,-=(:it-cHo(cih)(C,;H-,)8iii 

8tX) 

7  4 

»  » 

23.5 

23.0 

— 

(Cll3).,Si(Coll:.)(:all:, 

800 

73 

»  » 

27.3 

28 

— 

ClhSillCl. 

800 

10.4 

22.5 

25.3 

— 

(':2ii-,siiit;i2 

800 

18.0 

»  * 

23.5 

27.5 

— 

(Cll-OoSifOCollOa 

000 

48.0 

28.3 

31 

30.0 

39.7 

(V,ii,-.((:ii3)Si{0(;2n;.)2 

8(.K) 

02.7 

Does  uc't 
dccomp. 

28.4 

42 

46 

*  According  to  the  literature. 

The  content  of  carbon  and  solid  products  of  decomposition  was  determined  by  the  combustion  method. 
Substances  present  in  traces  were  determined  spectroscopically.  We  did  not  analyze  the  gaseous  products. 
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The  procedure  was  as  follows;  The  system  was  evacuated  to  a  residual  pressure  of  10"*  mm,  and  at  the 
same  time  tlie  heating  of  die  reaction  tube  was  commenced.  After  the  required  temperature  had  been  reached, 
purified  argon  was  passed  2-3  times  through  the  apparatus,  and  then  the  admission  of  the  starting  substance 
through  the  vacuum  funnel  and  into  tlie  vaporizer  was  started  (tlie  vaporizer  was  Immersed  in  a  water  bath). 

The  rate  of  vaporization  was  regulated  by  altering  the  water-bath  temperature. 

Results  ate  presented  in  Tables  2  to  5. 


TABLE  3 

Distribution  of  Carbon  Along  the  Tube  in  Solid  Products  of 
Breakdown  of  06115(0113)81(002115)2 


Pyrolysis 

Carbon  content  of  breakdown  products  at 
various  zones  of  reaction  tube  (in  '7'^) 

temperature 

start 

middle 

end 

800* 

25.3 

38.4 

40.3 

1000 

38.5 

40.0 

43.3 

TABLE  4 

Content  of  Impurities  in  Starting  Compounds  and  in  Solid  Breakdown  Products  (Pyrolysis 
Temperature  800  *) 


Content  of  impurities  (In  ^0) 


Surting  compound 

* 

Mb  I 

At  1 

Fc  1 

Mn 

Cll 

Oil 

Na 

(c,n.)*Si  1 

10-2 

lO-i 

10-4 

10-3 

10-3—10-4 

10-3 

10-2 

lo-l 

1U-* 

— 

10-3-10-1 

10-3—10-1 

— 

(CH,),si(Oc,n,),  1 

10-3 

10-3—10-1 

10-3-10-4 

10-3 

|0-:l— 10-4 

10-3 

10-3 

10- a— 10-1 

10-3—10-1 

10  a— 10-4 

— 

H)-a— 10-1 

— 

— 

cn,sinci,  1  1 

10-3 

10-3— 10 

lO-.a— 10-1 

10-3 

10-a-io-4 

10-2 

10-3 

10-3 

10-+ 

10-3—10-1 

_ 

10-1 

— 

10-3 

c,iMCMj)S!(oc,ii,b  1 

10-3 

10-3-10-1 

10-a_io-4 

10-3 

10-a— 10-1 

10-3-10-1 

10-3 

10-3— iu-» 

10-3—10-1 

lO-t 

10-4 

10-4 

— 

— 

Note.  In  the  column  "content  of  impurities"  tlie  numerator  relates  to  data  for  tlie  starting 
compound  and  tlie  denominator  to  data  for  tlie  solid  product  of  its  pyrolysis. 

DISCUSSION  OF  RESULTS 

Initial  temperatures  of  thermal  breakdown  of  (CH3)^Si  and  (C2U5)4Si  have  been  reported  in  [7-9J;  we 
roughly  determined  tlie  values  for  the  remaining  compounds,  taking  the  temperature  of  commencement  of 
deposition  of  silicon  and  carbon  on  the  walls  of  the  reaction  tube  as  the  initial  temperature  of  far-reaching 
pyrolysis. 

According  to  tlie  data  of  Table  2,  the  investigated  organosllicon  compounds  do  not  start  to  undergo 
far-reaching  pyrolysis  until  600-1000*  is  reached.  The  solid  products  of  pyrolysis  differed  in  form  and  color. 
The  product  deposited  on  tantalum  sheet  was  in  the  form  of  scales  with  a  metallic  lustert  on  a  quartz  surface 
the  products  were  finely  dispersed  powders  or  dense  granules  whose  color  varied  from  gray  (at  low  temperatures) 
to  black  (at  high  temperatures). 


Data  characterizing  the  content  of  carbon  In  the  solid  products  of  breakdown  are  presented  In  Table  2. 
They  Indicate  that  tlie  silicon  obtained  In  all  experiments  contained  a  high  proportion  of  carbon  (an  average 
of  2r>%  of  the  weight  of  the  solid  products  of  breakdown).  The  smallest  carbon  content  (10-20'7(>)  was  present 
In  tlie  silicon  tesnlilng  from  breakdown  of  (02115)^51  and  Cll3(C^llj)2«SlH.  The  highest  carbon  content  (about 
40'7o)  was  present  In  silicon  resulting  fiom  dcc«)niposltion  of  substituted  ethers,  namely  (ai3)j>i(OC2H5)2  and 
CjM5(CH3)Sl(OG2^l5)2.  It  should  be  noted  that  the  carbon  content  of  tlie  solid  products  is  by  no  means  propor¬ 
tional  to  the  carbon  content  of  the  starting  compounds. 


TABLE  5 

Content  of  Impurities  In  Solid  Products  of  Breakdown  of  Tetra- 
ethylsllane  at  Various  Pyrolysis  Temperatures 


Pyrolysis 

temp. 

Content  of  Impurities  (In  %) 

Ml?  1 

Al  1 

Fe 

Cu 

Ca 

lo--' 

io-« 

lo-* 

10-;)— 10-4 

10-3- 10-< 

800 

lo-”* 

io-> 

10-‘ 

i(r3— io-« 

10-3_10-^ 

1000 

IO-:i 

i  10-3 

lO--* 

10-t 

10-3—10-4 

1200 

10-3 

1  10-3 

10-^ 

1 

lo-* 

10-3-10-4 

Substance 

inlet 


/ 


800  ^  1800 
Pyrolysis  temperature 


Fig.  1.  Line  diagram  of  apparatus  for  pyrolysis  of 
organosllicon  compounds.  Details  In  text. 

The  carbon  content  of  breakdown  products  from 
five  compounds  is  plotted  as  a  function  of  the  tem¬ 
perature  In  Fig.  2.  It  follows  from  the  data  tliat  in  the 
Investigated  temperature  range, the  carbon  content  of 
the  breakdown  products  Increases  with  rising  pyrolysis 
temperature. 


Fig.  2.  Carbon  content  of  solid  products 
of  breakdown  at  various  temperatures  of 
pyrolysis  of  organosllicon  compounds. 

1)  (C2H5)^Su  2)  (CHs)(C2H5)2SlH  I 
3)  (CHjj^Sli  4)  (CH3)2Si(OC2H5)j| 

5)  q5H5(CH3)Sl(OC2H5)2. 


The  carbon  content  varies  to  an  insignificant  extent  at  different  parts  of  the  reaction  tube  (Table  3). 


Results  of  spectral  analysis  of  tlie  starting  substances  and  of  their  breakdown  products  are  set  forth  In 
Table  4.  They  permit  die  conclusion  diat  starting  compounds  and  solid  products  of  their  pyrolysis  do  not  differ 
appreciably  in  respect  to  dielr  content  of  the  Impurities  Mg,  Al,  Fe  and  Cu.  Judging  by  the  data  of  Table  5, 
change  of  pyrolysis  temperature  In  die  600-1200*  range  also  does  not  Influence  die  content  of  these  Impurities 
In  the  products  of  decomposition. 
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It  should  be  noted  that  the  impurities  are  not  uniformly  distributed  along  the  lengtli  of  the  reaction  tube. 
The  content  of  Al,  Fe,  and  Mg  tends  to  be  greater  in  llie  middle  of  tlie  reaction  tube.  Finally,  we  may  note 
that  destructive  breakdown  of  organosllicon  compounds  leads  ultimately  to  a  very  much  higher  content  of 
silicon  than  of  carbon.  The  autliors  convey  ilicir  profound  thanks  to  K.  A.  Andrianov,  A.  I.  Zakliarkina,  V.  F, 
Mironov,  and  O.  Yu.  Okhlobystina  for  tlieir  assistance  in  die  work. 


SUMMARY 

1.  Far-reaching  pyrolysis  of  organosllicon  compounds  in  the  300-1200*  range  was  studied.  Silicon  and 
carbon  (10-40'7o)  were  always  found  among  the  solid  products  of  breakdown. 

2.  The  carbon  content  of  the  breakdown  products  Increases  with  rising  temperature. 

3.  The  carbon  content  of  the  breakdown  products  is  independent  of  its  content  in  the  starting  compounds. 

4.  Impurities  present  in  the  original  compounds  pass  over  in  their  entirety,  except  for  the  Mn  and  Na, 
Into  the  solid  breakdown  products. 

5.  Initial  temperatures  of  pyrolysis  of  nine  organosllicon  compounds  were  roughly  determined. 
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DIPOLAR  IONS  FORMED  BY  PROTON  DETACHMENT  FROM 


THE  NH  GROUP 
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Translated  from:  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp.  239-241,  January,  1960 
Original  article  submitted  October  6,  1958 

It  was  previously  shown  [1]  that  under  the  action  of  alkalies,  quaternary  ammonium  salts  of  the  benzene 
series  containing  a  p-nitrobenzoylamino-  or  a  p-nitrobenzenesulfamino  group  in  the  para- position  to  the  onium 
N  atom  are  converted  into  dipolar  ions  which  rearrange  to  N-alkylanilides  on  fusion.  In  continuation  of  this 
work  we  attempted  to  syntliesize  dipolar  ions  of  analogous  structure  in  which  the  onium  N  atom  is  in  the  meta¬ 
position  to  the  NH  group  and  to  investigate  the  possibility  of  their  isomerization.  It  seemed  possible  that  the 
formation  of  dipolar  ions  of  this  type  would  proceed  witli  greater  facility  than  that  of  their  para-isomers  because 
the  inductive  effect  of  tlie  onium  atom  on  the  NH  group  in  the  meta-position  to  it  would  be  stronger  [2]. 

Experiment  shows  tliat  in  aqueous  solution,  under  the  action  of  ammonia,  a  quaternary  salt  of  the  structure 
Indicated  resembles  the  para-isomer  in  being  easily  converted  into  a  dipolar  ion  (II).  Contrary  to  our  hypothesis, 
however,  it  was  not  possible  to  convert  a  quaternary  salt  containing  tlie  p-niuobenzoylamino  group  in  the  meta¬ 
position  to  the  onium  N-  atom  (I,  R  =  p-NO^CjH^CO)  into  a  dipolar  ion  in  an  aqueous  medium.  Nor  under  these 
conditions  is  a  betaine  formed  from  a  quaternary  salt  containing  a  benzoylamino  group  in  the  para- position  to 
the  trimethylammonium  group. 

^NfCIlsJaX  ^N(Cll3)3  ClI, 

(n  (II)  (III) 

Dipolar  ion  (II)  resembles  dipolar  ions  of  analogous  structure  containing  an  onium  group  in  the  para-position 
to  the  azeniate  N  atom  [1,  3]  in  being  converted  by  fusion  into  the  N-methylanilide  (III)j  the  structure  of  the 
latter  was  verified  by  reverse  synthesis. 


EXPERIMENTAL 

3-(p-Nitrohenzenesulfamino)-N,N-dimetliylaniline.  Orange  crystals  (from  alcohol)  with  m.  p.  138-139*, 
soluble  in  benzene. 

Found  S  9.95.  C14HJ5O4N3S.  Calculated  S  9.98. 

Methyl- p-toluenesulfonate  of  3- (p-nitrobenzenesulfamino)- N,N-dimethyIaniline.  Colorless  crystals  (from 
dilute  alcohol)  witli  m.  p.  216-218*. 

Found '7o:  S  12.53,  12.55.  C22H507N^2*  Calculated  S  12.63. 
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Methylhctalnc  of  3-(p-iiItrobenzcnesiilfamlno)-N,N-dlmethylanillne.  A  25%  ammonia  solution  was  added 
dropwlsc  to  a  warm  solution  of  0.51  g  of  quaternary  salt  in  4  ml  of  water  until  a  faint  odor  had  developed.  The 
precipitate  was  washed  wlilt  water  and  dried  in  a  desiccator  over  phosphorus  pentoxlde.  Yield  0.27  g.  Yellow 
plates  melting  at  about  140*,  soluble  in  alcohol,  acetone  and  pyridine,  insoluble  in  benzene.  On  standing  in 
water  vapor  tlic  betaine  adds  on  two  molecules  of  water. 

Found  %:  S  9.39.  Cj5Hj704N3S.  Calculated  %:  S  9.56. 

Isomerization  of  the  betaine.  The  betaine  (0.6  g)  was  placed  in  a  test  tube  which  was  closed  witli  a 
calcium  chloride  tube  and  Inserted  in  an  oil  batli  heated  to  180*.  In  the  course  of  10  minutes,  the  temperature 
was  raised  to  200"  and  held  tliere  for  5  minutes.  After  tlie  melt  had  cooled,  it  was  repeatedly  extracted  with 
etherj  the  extract  was  washed  with  alkali  and  dried  with  potassium  carbonate.  After  the  ether  had  been  driven 
off,  die  residue  was  crystallized  from  alcoliol.  Yield  0.23  g.  Yellow-orange  crystals  with  m.  p.  131-132*. 

The  compound  was  Identical  widi  the  3-dinicthylamino-N-mediylanilide  of  p-nitrobenzenesulfonlc  acid  prepared 
from  trimethyl- m-phenylenediamine  as  described  below. 

3-  Dimethylamino-N-  mediylanllide  of  p-nitrobcnzenesulfonic  acid.  N,N,N'-Trimetliyl-m-phenylene- 
dlamine  (l  g) ,  prepared  from  m-aminodimethyianiline  [4j,  was  dissolved  in  dry  pyridine  and  added  to  a 
solution  of  1.4  g  of  p-nittobenzenesulfochloride.  The  next  day  the  solution  was  diluted  with  water,  and  die 
precipitate  was  filtered  and  recrystallized  from  alcohol.  M.  p.  131.5-132*. 

Found  %:  N  12.54,  12.54.  C15H17O4N3S.  Calculated  %;  N  12.53. 

Methyl- p-tolucnesulfonate  of  3-(p-nitrobenzoylamino)-N,N-dimedivlaniline.  Colorless  crystals  (from 
aqueous  medianol)  widi  m.  p.  226-  228".  A  yellow  color  appeared  when  dilute  alkali  was  added  to  the  aqueous 
solution  of  the  salt,  but  a  dipolar  salt  (or  its  hydrate)  was  not  formed.  Addition  of  concentrated  alkali  to  the 
solution  only  leads  to  formation  of  an  emulsion. 

Found  %•  S  6.76.  C^H ^^0^14 .  Calculated  S  6.80. 

Methyl-p-toluencsulfonate  of  4-benzoylamlno-N,N-dimediylaniline.  Snow-white  crystals  (from  alcohol) 
with  m.  p.  275-  277".  Addition  of  alkali  to  tlie  aqueous  or  aqueous  alcoholic  solution  of  die  salt  did  not  lead  to 
formation  of  a  precipitate  of  die  base  or  betaine. 

Found  %;  S  7.51.  C23H28O4N2S.  Calculated  %:  S  7.51. 

SUMMARY 

New  data  are  presented  for  the  synthesis  of  dipolar  ions  from  onium  salts  containing  an  acylamino  group, 
and  for  their  isomerization. 
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The  great  versatility  of  a-chlorovinyl  ketones  in  chemical  syntlieses  [1]  is  an  inducement  to  attempts  at 
synthesis  of  fresh  representatives  of  this  class  of  compounds.  Up  to  the  present  time  methods  have  been  developed 
for  synthesis  of  alkyl- a-chlorovinyl  ketones  [2,  3],  aryl-B -chlorovinyl  ketones  [3,  4j,  alkenyl-a -chlorovlnyl 
ketones  [5],  some  haloalkyl- a -chlorovlnyl  ketones  [6,  7],  and  2-chloro-l-acylcyclopentenes-l  [8].  Representa¬ 
tives  of  this  series  containing  heterocyclic  radicals  have  not  hitherto  been  known;  in  view,  however,  of  the  great 
reactivity  of  a-chlorovinyl  ketones,  the  preparation  of  heterocyclic  representatives  is  of  interest  in  connection 
with  their  further  utilization  for  syntliesis  of  difficultly  accessible  heterocyclic  compounds. 

In  tliis  paper  we  describe  the  synthesis  of  some  a-chlorovinyl  ketones  containing  five-membered  hetero¬ 
cyclic  radicals.  It  was  found  that  aromatic  five-membered  heterocyclic  acid  chlorides  (from  2-furoic,  thiophene- 

2- carboxyllc,and  selenophene-2-carboxylic  acids)  enter  with  facility  into  condensation  with  acetylene  in  similar 
fashion  to  their  aliphatic  and  aromatic  analogs  and  give  die  corresponding  a-chlorovinyl  ketones. 

ncoci -}-cn=cii  — RCOcii=cnci 
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The  reaction  was  performed  under  the  conditions  previously  developed  for  condensation  of  aromatic  acid 
chlorides  [4],  i.e.,  at  raised  temperature  (30-40*)  and  with  use  of  a  previously  prepared  complex  of  the  acid 
chloride  and  aluminum  chloride.  At  lower  temperatures  (used  in  the  synthesis  of  aliphatic  a-chlorovinyl  ketones 
[2j)  the  reaction  scarcely  takes  place.  This  is  an  illustration  of  the  well-known  analogy  between  five-membered 
heterocycles  containing  one  heteroatom  and  aromatic  compounds. 

Yields  of  thienyl  (2)-  and  selenyl  (2)- a -chlorovlnyl  ketones  were  fairly  high,  whereas  the  synthesis  of  the 
corresponding  furan  compounds  was  accompanied  by  very  considerable  resinification  associated  witli  the  instability 
of  the  furan  nucleus.  It  was  found  most  desirable  not  to  carry  die  condensation  of  2-furoyT  chloride  with  acetylene 
to  completion;  resinification  was  thereby  markedly  reduced  and  a  considerable  quantity  of  acid  chloride  was 
recovered;  a  yield  of  about  40*70  of  furyl  (2)- 3 -chlorovlnyl  ketone  (calculated  on  the  reacted  acid  chloride) 
could  then  be  attained. 

The  prepared  heterocyclic  3 -chlorovlnyl  ketones  are  readily  fusible  solids  or  liquids.  They  have  a  pungent 
odor  and  are  rather  unstable  in  storage,  in  these  respects  resembling  other  representatives  of  this  series.  Their 
chemical  behavior  is  also  entirely  analogous  to  diat  of  odier  3 -chlorovlnyl  ketones.  They  react  smoothly  with 
tertiary  amines  [9j  widi  quantitative  conversion  into  die  corresponding  quaternary  ammonium  salts  which  are 
crystalline  solids  and  can  serve  for  characterization  of  the  3 -chlorovlnyl  ketones.  This  reaction  demonstrates 
the  great  lability  of  their  halogen  atom.  They  react  smoodily  with  alcohol  in  presence  of  alkali  [lOj  to  form 

3 - ketoacetals.  The  latter  have  recently  attracted  much  attention. 
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The  fl-chlorovliiyl  keiones  can  also  be  successfully  employed  for  heterocyclic  syntheses  to  give  compounds 
containing  various  heterocyclic  nuclei.  They  condense  smoothly,  for  example,  with  p-nitrophenylhydrazine  to 
give  pyrazole  derivatives  containing  furanic  or  selenophenic  substituents.  Condensation  of  thienyl- (2)- fi-chloro- 
vinyl  ketone  witli  fl-naplitltol  in  presence  of  ferric  chloride  in  hydrocliloric  acid  [llj  gave  2-thienyl-(2')- naphtho- 
(1,2: 5,6)- pyrylium  ferrichloride. 


ucocii--cnci 


The  data  presented  in  diis  paper  show  tltat  the  general  metliod  of  syntliesis  of  0-chlorovinyl  ketones  by 
condensation  of  acid  chlorides  with  acetylene  is  also  applicable  to  tlie  heterocyclic  series.  Some  of  the  trans¬ 
formations  of  the  heterocyclic  d-chlorovinyl  ketones  which  have  been  studied  are  indicative  of  the  general  value 
of  tliese  compounds  in  syntlieses  of  the  most  diverse  compounds. 

EXPERIMENTAL 

F ury  1- (2)- fi  - chloroviny  1  ketone.  To  a  solution  of  40  g  of  2-furoyl  chloride  in  150  ml  of  dry  dichloroethane 
at  0-5*  was  gradually  added  46  g  of  aluminum  chloride;  acetylene  was  passed  into  the  resulting  complex  for  7 
hours  at  33-35*,  after  which  die  mixture  was  decomposed  with  ice.  The  lower  layer  was  separated,  the  aqueous 
layer  was  twice  extracted  with  dichloroethane  and  the  dichloroethane  extracts  were  added  to  die  main  portion  of 
product,whlch  was  tlien  dried  over  calcium  chloride.  Distillation  gave  24  g  of  die  original  acid  chloride  and  8  g 
(41%  calculated  on  the  reacted  acid  chloride)  of  furyl-(2)-8-chlorovinyl  ketone  widi  b.  p.  102-105*  (10  mm); 
after  redistillation  the  substance  had  the  following  constants: 

B.  p.  103-105*  (10  mm),  m.  p.  46-48*. 

Found  %:  C  53.38,  53.25;  H  3.73,  3.63.  C^gOzCl,  Calculated  %:  C  53.50;  H  3.43. 

Yellowish  crystals  wldi  a  pungent  odor,  soluble  in  common  organic  solvents;  darken  fairly  quickly  on 
keeping. 

Mixing  of  equimolar  quantities  of  furyl-(2)-8-chlorovlnyl  ketone  and  trlethylamine  in  ethereal  solution 
leads  to  a  nearly  quantitative  yield  of  triethyl-(3-furylvinyl)- ammonium  chloride;  light-yellow,  very  hygroscopic 
crystals  wldi  m.  p.  125-126*,  insoluble  in  benzene,  chloroform  and  edier. 
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Found  %:  N  5.68,  5.80.  C13H20O2NCI.  Calculated  N  5.43. 

Tlucnvl-(‘^d  fl -clilorovinvl  ketone.  The  above  procedure  was  followed.  Starting  components  were  25.5  g 
of  tlilopliene- 2-carboxylic  acid  chloride  and  25.5  g  of  aluminum  chloride  In  90  ml  of  dichloroethanc;  passage 
of  acetylene  for  8  liours  at  35-33*  gave  19.7  g  (G5'yo)  of  tlilenyl-(2)-fl -clilorovinyl  ketone  with  b.  p.  154-156.5* 

(23  mm).  Tlie  product  set  to  a  crystalline  mass  on  keeping.  After  recrystallization  from  benzene  tlie  pure  sub¬ 
stance  had  m.  p.  25.5-27*. 

Found  7o;  G  43.94,  48.98;  H  2.81,  2.89.  C7M5OSCI.  Calculated  C  48.75;  H  2.97. 

Yellow  crystals  with  a  pungent  odor,  easily  soluble  in  ether,  chloroform  and  acetone,  less  soluble  in  ligroine 
and  benzene.  Unstable  in  storage. 

Reaction  of  tliienyl-(2)-3 -chlorovinyl  ketone  with  triethylamine  led  to  nearly  quantitative  yield  of  triethyl- 
(8 -thienylvlnyl)- ammonium  chloride;  crystals  witlr  m.  p.  113-115*. 

Found  7o:  C  56.36,  56.42;  H  7.77,  7.55.  C13H20ONSCI.  Calculated  7);  C  56.80;  H  7.37. 

Selenyl-(2)-6-chlorovlnyl  ketone.  The  comple.x  from  24.7  g  of  selenophene-2-carbo.xylic  acid  chloride 
and  18.4  g  of  alumrniim  chloride  in  70  ml  of  dlchloroethane  was  treated  for  10  hours  witlt  a  stream  of  acetylene 
at  48-51*.  There  was  obtained  12.3  g  (457o)  of  selenyl-(2)-5-chlorovinyl  ketone  with  b.  p.  132-135*  (7  mm). 
After  redistillation  tlie  product  had  b.  p.  133-134*  (7  mm),  n*D  1.6540,  d®^  1.6621. 

Found  7o:  C  38.19,  38.21;  H  2.65,  2.69.  CTllsOSeCl.  Calculated  T):  C  38.47;  H  2.29. 

A  viscous  liquid  with  a  pungent  odor,  darkening  on  keeping. 

Dimethylacetal  of  furoyl- (2)- acetaldehyde.  To  a  solution  of  1  g  of  potassium  hydroxide  in  10  ml  of 
metltanol  was  added  (with  stirring  and  cooling  to  —10")  2.5  g  of  furyl-(2)-8-chlorovinyl  ketone.  After  stirring 
for  1  hour,  the  mixture  was  stood  overnight  and  then  poured  into  water  and  extracted  with  etlier.  The  ethereal 
extracts  were  dried  over  magnesium  sulfate.  Distillation  gave  1.9  g  (647o)  of  the  dimethylacetal  of  furoyl-(2)- 
acetaldehyde  witli  b.  p.  120-122*  (9  mrn).  After  redistillation  the  product  had  b.  p.  122-123*  (10  mm),  n®D 
1.4988,  d“4  1.1800. 

Found  7o;  C  58.80,  59.01;  H  6.49,  6.65.  CgH^p^.  Calculated  C  58.87;  H  6.50. 

A  yellowish  liquid  giving  a  coloration  with  ferric  chloride,  miscible  with  organic  solvents,  insoluble  in 

water. 

Dimethylacetal  of  thenoyl-(2)- acetaldehyde.  Prepared  on  similar  lines  to  the  preceding  product  from 
4  g  of  tliienyl-(2)-8 -chlorovinyl  ketone  and  1.3  g  of  potassium  hydroxide  in  13  ml  of  metlianol.  Distillation 
gave  2.5  g  (537o)  of  tlie  dimethylacetal  of  tlienoyl- (2)- aceuldehyde;  b.  p.  147-148*  (8  mm),  n^D  1.5146, 
d®4  1.1910. 

Found  7o:  C  54.41,  54.39;  H  6.21,  6.12.  CjUi^OjS.  Calculated  C  54.23;  H  6.00. 

A  yellowish  liquid  giving  a  coloration  with  ferric  chloride,  miscible  with  organic  solvents.  Insoluble  in 

water. 

Dimethylacetal  of  selenoyl-(2)-acetaldehyde.  Prepared  as  above  from  3.6  g  of  selenyl-(2)-8-chlorovlnyl 
ketone,  1  g  of  potassium  hydroxide  and  10  ml  of  methanol.  Distillation  gave  2.3  g  of  the  dimethylacetal 

with  b.  p.  151-152*  (6  mm),  n^D  *1.5626,  d^^  1.4910. 

Found  7o;  C  43.28  ,  43.36;  H  5.05,  4.93.  CjUijOaSe.  Calculated  7o:  C  43.72;  H  5.85. 

A  yellowish  liquid  giving  a  coloration  witlt  ferric  chloride,  miscible  with  organic  solvents.  Insoluble  in 

water. 

3-Furyl-(2*)-l-(p-nitrophenyl)-pytazole.  Furyl-(2)-8 -chlorovinyl  ketone  (0.2  g)  and  p-nltrophenyl- 
hydrazine  (0.2  g)  in  20  ml  of  anhydrous  alcohol  were  heated  for  8  hours  on  a  water  bath,  and  the  mass  was  left 
standing  for  several  days.  The  greater  part  of  tlie  solvent  was  distilled  off,  and  the  crystals  were  filtered  and  re- 
crystallized  from  alcohol  to  give  0.2  g  (627’)  of  3-furyl-(2')-l-(p-nltroplienyl)-pyrazole  with  m.  p.  70.5-72*. 
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F  jund'Vo;  N  16.23,  16.22.  CijUjOaN,.  Calculated  N  16.51. 

Orange  prisms,  readily  soluble  In  acetone,  moderately  in  alcohol,  poorly  in  benzene  and  ligroine. 

3-Selenyl-(2*)-l-(p-nitrophenyl)-pyrazole.  Prepared  as  above  from  0.96  g  of  selenyl-(2)-  d-chlorovinyl 
ketone  and  0.75  g  of  p-nitroplienylhydrazine  in  60  ml  of  anliydrous  alcohol.  Yield  0.9  g  (63‘7o)  of  3-selenyl-(2*)- 
l-(p-nltrophenyl)-pyrazole  witli  m.  p.  100-101*. 

Found  <7o;  N  13.18,  13.05.  CijHjOjNjSe.  Calculated  N  13.29. 

Orange  prisms,  moderately  soluble  in  alcohol,  less  soluble  in  benzene,  poorly  soluble  in  ligroine. 

2-Thlenyl-(2')-naphtho-(l,2  ;5,6)  pytldlnium  ferrichloride.  A  solution  of  0.85  g  of  ferric  chloride  in 
1.5  ml  of  concentrated  hydrochloric  acid  was  tun  into  a  solution  of  0.2  g  of  thienyl“(2)-  0 -chlorovinyl  ketone  and 
0.17  g  of  0-naphthol  in  4.2  ml  of  glacial  acetic  acid.  The  reaction  mass  stood  for  24  hours.  The  precipitate  was 
filtered  and  crystallized  from  glacial  acetic  acid  to  give  0.35  g  (66^70)  of  product  with  m.  p.  176-177". 

Found  C  44.55,  44,36}  H  2.49,  2.70.  Ci7HiiOSFeCl4.  Calculated  <70;  C  44.45}  H  2.39. 

Bright- red  crystals,  moderately  soluble  in  hot  acetic  acid,  Insoluble  in  benzene  and  chloroform,  decomposed 
by  water. 


SUMMARY 

1.  The  general  method  of  synthesis  of  S-chlorovinyl  ketones  by  condensation  of  acid  chlorides  with 
acetylene  is  extended  to  0-chlorovlnyl  ketones  containing  five-membered  heterocyclic  radicals. 

2.  It  Is  shown  that  the  chemical  transformations  of  heterocyclic  6-chlorovinyl  ketones  are  entirely  similar 
to  tliose  of  other  representatives  of  tliis  series. 
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Mustard  oils,  as  is  known,  react  vigorously  with  primary  and  secondary  amines  to  form  stable  tliiourea 
derivatives  that  are  not  dissociated  by  heat.  On  the  property  diagrams  of  such  systems  clearly  defined  singular 
points  always  correspond  to  a  rational  1  :1  ratio  of  tlie  components.  As  a  rule,  homogeneous  solutions  of  mustard 
oils  with  amines  have  a  high  electroconductivity,  in  which  connection  the  conductivity  shows  constant  Increase 
for  a  long  time  wlien  such  mixtures  are  stored.  This  is  also  true  of  systems  formed  from  mustard  oils  and  tertiary 
amines,  which  also  possess  a  substantial  electroconductivity,  whereas  measurement  of  other  properties  of  these 
systems  Indicates  that  noticeable  chemical  reaction  between  the  components  is  absent  [1-3]. 

The  reasons  for  mixtures  of  mustard  oils  and  amines  showing  a  high  electroconductivity  have  remained 
obscure,  and  authors  were  usually  forced  to  limit  themselves  to  general  statements  of  peculiar,  current-conducting 
complexes  arising  in  the  solutions.  Recently,  S.  P.  Miskidzh'yan  [4]  in  a  series  of  papers  offers  convincing  evidence 
that  the  high  conductivity  of  the  indicated  solutions  is  due  to  the  presence  of  thiocyanic  salts.  According  to  this 
author,  the  thiocyanates  are  formed  as  the  result  of  the  mustard  oil  isomerizing  to  the  thiocyanic  ester,  which, 
similar  to  the  alkyl  halides,  reacts  with  amines  according  to  the  acid- base  type  of  reaction  with  the  formation 
of  substituted  ammonium  salts. 

A  comparison  of  the  behavior  of  the  systems  formed  by  amines  with  thiocyanic  and  Isothlocyanic  esters  is 
of  undoubted  interest.  With  this  in  mind,  we  undertook  a  study  of  the  reaction  of  ethyl  thiocyanate  with  differently 
substituted  aromatic  amines.  The  results  of  measuring  the  density,  viscosity  and  electroconductivity  of  mixtures 
of  ethyl  thiocyanate  with  aniline,  piperidine,  pyridine  and  dimethylanlline  are  given  below. 


EXPERIMENTAL 

The  amines  after  drying  over  KOH  were  distilled.  The  following  fractions  were  collected:  aniline  181.3  to 
181.5*  (769  mm),  d^^  1.0181;  pyridine  114-114.5*  (746  mm),  d^^  0.9761;  piperidine  106-107*  (770  mm), 
d®4  0.8560;  dimethylanlline  191-192*  (778  mm),  d®^  0.9513. 

Ethyl  tltiocyanate  was  synthesized  from  potassium  thiocyanate  and  etliyl  iodide  [5].  After  drying  over 
anliydrous  sodium  sulfate  tlie  product  was  distilled  twice.  B.  p.  144-146*  (758  mm),  d®^  1,0058. 

It  proved  tliat  in  all  cases  the  components  mixed  with  very  little  heat  evolution.  The  solutions  were 
prepared  on  a  weight  basis  and  were  kept  in  tlie  dark  in  sealed  ampules  orin  special  test  tubes  with  well-fitting 
ground-glass  stoppers.  The  solutions  gradually  darken  on  standing;  this  is  especially  true  of  the  aniline  and 
piperidine  solutions.  Even  within  several  days  after  preparation,  mixtures  of  ethyl  thiocyanate  with  these  amines 
turn  dark-brown  and  become  quite  opaque. 
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A  pycnometer  was  used  to  determine  the  density,  while  an  Ostwald  viscosimeter  was  used  to  measure  the 
viscosity.  A  vessel  fitted  witli  smocih  platinum  electrodes  was  used  to  measure  tlie  electroconductivity.  The 
temperature  in  all  of  tlie  measurements  was  maintained  exact  to  ±  0.05*.  The  composition  of  the  solutions 
was  expressed  in  mole  percent. 

Ethyl  tlilocyanate  -  piperidine.  The  reaction  of 
ethyl  thiocyanate  with  piperidine  is  quite  rapid.  This  may 
be  judged  by  tlie  change  in  the  viscosity  of  tlie  solutions 
witli  time.  On  the  day  of  preparation,  tlie  viscosity  of 
the  mixtures  changes  so  rapidly  that  the  measurements 
cannot  be  made  witli  satisfactory  accuracy.  The  reaction 
rate  diminishes  with  time,  but  even  after  two  months  of 
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Fig.  1.  Change  in  viscosity  (l)  and 
clectroconductivity  (2)  of  50%  mixture 
of  ethyl  thiocyanate  and  piperidine 
witli  time  at  25*. 

standing  the  viscosity  of  the  solutions  continues  to  increase.  In  Fig.  1,  we  have  shown  the  change  in  the  viscosity 
and  tlie  electroconductivity  of  one  of  tlie  solutions.  The  solutions  containing  50-60%  of  amine  show  the  greatest 
changes.  In  this  concentration  range  tiie  viscosity  isotiierms  of  tlie  system  show  a  maximum,  which  becomes 
more  clearly  expressed  tlie  longer  the  standing.  The  greatest  deviation  from  additivity  in  the  density  of  the 
solutions  also  occurs  in  approximately  the  same  concentration  range  (Fig,  2). 

The  electroconductivity  of  the  mixtures  exhibits  mote  complex  changes  with  time.  At  the  start  it  rises 
very  rapidly,  and  then  it  drops  just  as  rapidly  for  a  day.  After  this  the  clectroconductivity  continues  to  decrease 
at  a  gradual  rate  (Fig.  l).  Considering  the  change  in  viscosity  with  time,  it  may  be  assumed  that  the  concentra¬ 
tion  ot  tlie  ions  in  the  solutions  and  tlie  viscosity  increase  continuously,  in  which  connection  tliese  changes  com¬ 
pensate  each  other  to  some  degree}  in  the  final  analysis,  the  electroconductivity  changes  very  little  with  "in¬ 
crease.*  The  electroconductivity  isotlierm  is  expressed  by  a  smooth  curve  with  a  maximum  shifted  toward  tlie 
ethyl  thiocyanate  ordinate  (Fig.  2). 

Ethyl  thiocyanate  —  aniline.  The  internal  friction  Isotherm  of  the  system  does  not  give  any  Indications  of 
reaction  between  die  components.  The  viscosity  of  die  mixtures  increases  constantly  with  increase  in  the  aniline 
content,  forming  a  curve  convex  to  the  composition  axis.  In  contrast,  the  density  isodierm  unequivocally  in¬ 
dicates  that  chemical  reaction  exists  in  die  system. 

Only  the  clectroconductivity  of  die  solutions  shows  substantial  change  during  storage.  The  shape  of  the 
curve  falls  to  show  any  peculiar  changes,  but  the  value  of  the  clectroconductivity  increases  sharply.  In  4.5 
mondis  the  conductance  of  die  mixtures  increases  by  15  to  20  times  (Fig.  3). 

On  long  storage  (up  to  1.5  years)  of  the  mixtures  in  sealed  ampules, die  solutions  belonging  to  the  middle 
portion  of  die  diagram,  show  underneadi  die  layer  of  mobile  dark-brown  liquid  a  small  amount  of  transparent, 
slightly  colored  crystals  with  a  melting  point  of  about  200*. 


Fig.  2.  System  ethyl  thiocyanate- 
piperidine  at  25*.  1-4)  Viscosity 
after  1,  2,  7,  and  20  days}  5) 
density  after  1  day;  6)  electro- 
conductivity  after  1  day. 
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Eil^l  ililnt  yaiiatc  —  dlnicih^Iandine.  The  vlscority  and  density  curves  of  the  system,  taken  several  days 
after  preparation  of  the  solutions,  show  a  sllcjit  negative  deviation  from  additivity.  The  spccilic  electrocon- 
diictivity  of  the  mixtures  is  very  small  and  does  not  lie  outside  the  limits  of  tlie  values  obtained  for  die  pure 
components.  The  results  of  the  measurements  are  plotted  in  Fig.  4. 

Etlu'l  thiocyanate  —  pyridine.  Pyridine  and  ethyl 
thiocyanate  react  very  slowly  at  room  temperature,  for 
which  reason  the  diagram  of  the  properties  of  the  system 
changes  substantially  during  storage.  The  density  values 
of  die  solutions,  measured  within  a  day  after  preparing 
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Fig.  4.  System  ethyl  thiocyanate— 
dimethylaniline  at  25".  l) 

Viscosity;  2)  density;  3)  electro¬ 
conductivity  after  8  months. 

the  mixtures,  fall  well  on  the  additivity  straight  line.  The  viscosity  isodierm  taken  in  the  initial  period  of 
storage  is  characterized  by  a  curve  with  a  distinct  minimum  in  the  region  close  to  die  equimolar  ratio  of  the 
components.  The  conductance  of  the  solutions  is  small,  and  the  electroconductivity  isodierm  is  expressed  by  a 
curve  with  a  very  diffuse  maximum. 

ITic  measurements  made  after  two  months  give  results  diat  are  quite  different  from  those  Initially 
obtained.  The  density  of  die  mixtures  increases.  The  viscosity  of  die  solutions  also  increases,  especially  at  high 
pyridine  concentrations,  which  results  in  a  change  in  die  shape  of  die  viscosity  curve  Itself.  The  minimum  is 
retained,  but  it  is  shifted  strongly  toward  the  ethyl  thiocyanate  side;  the  portion  of  the  curve  going  from  the 
pyridine  ordinate  assumes  an  S-like  shape  (Fig.  5).  The  changes  in  the  properties  with  time  continue  to  in¬ 
crease,  which  leads  to  a  further  transformation  of  die  diagram.  The  viscosity  and  density  isodierms  taken  1.5 
years  after  preparation  of  die  mixtures  are  shown  in  Fig.  5.  As  can  be  seen,  the  deviation  of  die  density  of  the 
solutions  from  additivity  becomes  very  large;  the  viscosity  isodierm  is  expressed  by  a  curve  with  a  maximum, 
corresponding  to  70'^/o  pyridine.  The  electroconductivity  of  die  solutions  increases  substantially  and  reaches  very 
high  values  (Fig.  6).  A  jecond  characteristic  of  the  electroconductivity  of  die  system  is  die  symmetrical  shape 
of  the  conductance  curve,  it  should  be  mentioned  that  mixtures  of  pyridine  with  mustard  oils  also  have  a  high 
electroconductivity  and  a  relatively  symmetrical  position  of  the  ma,ximum  [2J. 

Tlie  obtained  results  clearly  show  that  the  systems  formed  by  amines  with  thiocyanic  and  isodiiocyanlc 
esters  beliave  quite  differently.  The  properties  of  the  systems  containing  isodiiocyanlc  esters  are  determined 
by  the  degree  of  substitution  of  the  amine;  in  systems  containing  primary  and  secondary  amines  the  vigorous 
reaction  of  forming  thioureas  leads  to  diagrams  of  die  singular  type,  while  In  die  case  of  tertiary  amines  the 
systems  diat  are  formed  differ  but  slightly  from  the  normal.  Thiocyanic  esters  react  with  amines  in  a  common 
manner,  independent  of  die  degree  of  substitution  of  the  amine.  It  may  be  assumed  tliat  in  such  systems  die 
formation  of  substituted  ammonium  salts  will  go  practically  to  completion;  in  the  fiiul  analysis  diis  should  lead 
to  the  creation  of  diagrams  of  the  rational  type. 


d. 


Fig.  3.  System  ethyl  thiocyanate- 
aniline  at  25*.  l)  Viscosity  after 
1  day;  2)  density  after  1  day; 

3-5)  electroconductivity  after  1, 
15,  and  140  days. 
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The  reaction  rate,  depending  on  tlie  individual  properties  of  the  amine,  is  not  die  same  for  different 
systems,  but,  as  follows  from  the  obtained  data,  in  all  cases  it  is  very  small  at  room  temperature.  The  com¬ 
ponents  react  very  slowly,  and  reaction  extends  over  a  long  time.  In  connection  with  this  the  Isodierms—  iso¬ 
chrones  of  die  properties  characterize  only  some  Intermediate  state  of  the  systems  in  the  process  of  reaching 
equilibrium. 


Fig.  5.  System  ediyl  thiocyanate- 
pyridine  at  25*.  1-3)  Density 

after  1  day,  2  mondis,  and  1.5 
yearsj  4-G)  viscosity  after  1  day, 
2  mondis,  and  1.5  years. 


The  investigated  systems  are  analogous  to  the 
systems  formed  by  pyridine  widi  butyl  iodide  and  butyl 
bromide  [6j.  Alkyl  iodides  and  bromides  are  more 
reactive  dian  the  chlorides,  and  much  more  reactive 
dian  die  thiocyanates.  In  addition,  die  indicated  work 
was  done  at  elevated  temperature,  for  which  reason  it 


Fig.  6.  Electroconductivity  of 
mixtures  of  system  ethyl  diio- 
cyanate—  pyridine.  1  and  2) 
After  2  months  and  1.5  years 
at  25*1  3)  after  1.5  years  at  50*. 


proved  possible  to  obtain  a  continuous  series  of  property  Isotherms  in  a  comparatively  short  period  of  time, 
changing  from  the  initial  isotherms,  close  to  ideal,  to  isotherms  diat  approached  the  singular  type  in  their  shape. 

The  property  isodierms  for  systems  containing  thiocyanic  esters,  observed  even  after  long  storage,  must  be 
regarded  as  having  been  obtained  under  conditions  quite  distant  from  the  final  equilibrium  state.  This  undoubtedly 
is  the  reason  for  die  fact  diat  the  position  of  die  extreme  points  on  the  property  Isotherms  does  not  correspond  to 
the  rational  ratio  of  die  components. 


SUMMARY 

1.  The  electroconductivity,  density ,and  viscosity  of  the  systems  ediyl  diiocyanate—  piperidine,  ethyl 
diiocyanate—  aniline,  ediyl  thiocyanate  —  dlmediylaniline,  and  ediyl  thiocyanate  —  pyridine,  were  measured 
at  the  end  of  different  periods  of  time  after  preparation  of  die  solutions. 

2.  On  long  storage  die  properties  of  the  mixtures  change  toward  a  constantly  greater  deviation  from 
additivity.  The  solutions  exhibit  substantial  electroconductivity,  and  an  especially  high  conductivity  is  observed 
for  mixtures  composed  of  ediyl  diiocyanate  and  pyridine. 

3.  The  fact  that  the  properties  of  die  solutions  diange  with  time  is  due  to  die  slow  reaction  rate. 
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Tlie  reaction  of  unsaturated  polyesters  with  vinyl  monomers  yields  crosslinked  copolymers,  which  have 
found  wide  use  in  the  production  of  reinforced  plastics.  For  a  proper  solution  of  the  problems  associated  with 
the  technology  of  manufacturing  reinforced  plastics  from  tliese  resins,  it  is  necessary  to  establish  the  inter¬ 
relationships  existing  between  the  ratio  of  the  starting  components  and  the  composition  of  die  copolymers. 

The  copolymerization  reaction,  as  is  known,  is  characterized  by  constants  diat  are  determined  by  the 
relative  activity  of  the  monomers  participating  in  die  reaction.  The  copolymerization  constants  for  die  initial 
stages  of  the  copolymerization  of  an  unsaturated  polyester  [poly  (ethylene  glycol  fumarate)]  with  a  vinyl  monomer 
(methyl  methacrylate)  were  determined  by  Gordon,  Grieveson,  and  McMillan,  who  used  the  differential  equation 
of  the  composition  of  die  copolymers  for  diis  purpose  [1].  Hayes  and  Hunter  [2J,  and  also  Wycherly  [3],  attempted 
to  use  die  copolymerization  constants,  characterizing  die  behavior  of  low-molecular  mono-  and  diesters  of  maleic 
and  fumaric  acids,  for  calculating  the  composition  of  the  copolymers  of  an  unsaturated  polyester  with  styrene. 
However,  as  is  correctly  indicated  by  Wycherly,  such  an  assumption  is  valid  only  for  the  very  early  stages  of  the 
reaction.  Mention  is  also  made  by  Robertson  and  Shepherd  [4]  diat  the  method  used  by  Wycherly  to  calculate 
the  composition  is  greatly  simplified  and  is  not  always  applicable. 

Actually,  the  reaction  for  the  copolymerization  of  unsaturated  polyesters  widi  vinyl  monomers  can  be 
arbitrarily  divided  into  two  stages,  proceeding  before  and  after  gel  formation.  At  the  start  of  reaction  the  linear 
polyester  and  the  vinyl  monomer  are  found  in  die  system.  For  practical  purposes  the  fumaric  linkages  of  die  linear 
polyester  may  all  be  considered  to  be  equal  in  activity.  After  formation  of  die  crosslinked  molecules  die  reaction 
conditions  change.  The  crosslinked  molecules  will  have  as  a  "susfiension"  a  series  of  consecutively  linked  polyester 
units,  conraining  unreacted  double  bonds.  The  double  bonds  of  the  tridimensional  "suspensions*  will  not  be 
equivalent  in  activity.  Those  double  bonds  diat  are  located  nearer  the  place  where  die  tridimensional  network 
forms  could  be  blocked  due  to  steric  hindrance. 

In  studying  the  copolymerization  of  poly  (1,3- butylene  glycol  fumarate)  with  styrene  it  was  established 
diat  only  about  50'’/o  of  the  double  bonds  of  die  polyester  react  [5J. 


•  Communications  I  and  II  see;  Zhur.  Fiz.  Kliim.  33,  249,  554  (1959). 
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In  iiivestljjatiiij;  tlic  lopolymers  of  poly  (propylene  j^Iycol  fiimarate)  with  styrene  by  the  iiieihods  of 
spectroscopy  and  analysis  of  the  hydrolysis  products,  It  was  also  showti  by  Hayes,  Read  and  Vau^lian  [(»J  tliat  not 
all  of  the  bonds  of  the  polyester  react  during  copolymerization. 

In  tire  copolymerlzation  of  nnsauirated  polyesters  wltli  vinyl  inonorncrs.ihe  first  stage  of  tlie  reaction, 
where  the  linking  of  tJie  linear  molecules  of  the  polyester  occurs,  Ls  not  determining  for  the  final  composition 
of  tlie  copolymers,  since  their  formation  goes  mainly  with  involvement  of  the  crosslinked  molecules.  In  which 
a  portion  of  the  double  bonds  Is  already  blocked.  I’herefore,  in  order  to  characterize  later  stages  of  the  reaction 
using  copolymerization  constants  it  is  necessary  to  introduce  a  correction  In  tlie  composition  of  die  reaction 
mixture  for  die  blocked  double  bonds  of  die  polyester.  A  description  of  die  Initial  stage  of  the  process  Is  altered 
somewhat  by  siu  h  a  correction,  but  it  is  possible  to  assume  diat  the  error  will  not  exceed  the  limits  of  accuracy 
of  determining  the  copolymerization  constants. 

It  was  shown  [5j  that  the  complete  equation  of  Mayo  and  Lewis  can  be  used  to  calculate  the  constants  for 
the  copolymerization  of  nnsaturated  polyesters  with  vinyl  monomers,  provided  a  correction  is  made  in  die  com¬ 
position  of  the  reaction  mixture  for  the  unreacted  double  bonds  of  die  polyester,  passing  widiout  change  Into  the 
copolymer.  The  values  of  the  constants  calculated  in  diis  manner  for  different  degrees  of  conversion  were  close. 
For  die  constants  to  show  a  constancy  for  different  degrees  of  conversion  is  evidently  due  to  the  fact  diat  in  the 
given  case  the  reaction  goes  under  more  monotypic  conditions  dian  prevail  in  die  copolymerization  of  monomers, 
one  of  which  contains  two  double  bonds. 

In  die  I  opolymetlzation  of  monomers  widi  two  double  bonds,die  formation  of  die  copolymers  goes  dirough 
the  stages  of  forming  linear,  branched,and  tridimensional  molecules,  and  reaction  of  die  tridimensional  molecules 
wldi  the  intermediate  and  monomeric  compounds.  Here,  the  copolymerization  constants  show  considerable 
cliange  during  the  course  of  reaction  in  some  cases.  Thus,  for  die  system  styrene  —  ethylene  glycol  dichloro- 
acrylate  [7J  the  determined  copolymerization  constants  were  ri  =  0.6  and  r2  =  0.1  for  the  initial  stage,  and  ri  = 

=  0.04  and  r2  =  0.2,  for  the  deep  stage.  The  copolymerization  constants  for  the  system  poly  (1,3-butylene  glycol 
fumarate) —  styrene  differ  from  the  constants  for  the  copolymerization  of  styrene  with  low-molecular  esters  of 
furnaric  acid,  which  can  be  seen  from  die  data  in  Table  1,  Leavitt,  Stannett,  and  Szwarc  [8j,  having  measured 
die  "methyl  affinity"  of  unsaturated  polyesters  and  furnaric  acid  diesrer«,  'bowed  that  the  doiiHle  bonds  in  these 
compounds  have  a  close  activity.  Consequently,  a  change  in  die  constants  occurs  because  of  the  variable 
behavior  of  styrene  in  its  copolymerization  with  polyesters  and  furnaric  acid  dlesters,  w'hich  can  be  explained 
in  the  following  manner.  The  polyester  "suspensions"  of  the  tridimensional  molecule  screen  its  radical  end. 

The  admittance  of  monomers  to  the  radical  will  be  more  difficult  die  greater  die  size  of  the  substituent  at  the 
double  bond  of  die  monomer.  Styrene,  having  die  phenyl  group  as  substituent,  experiences  great  difficulty  in 
reacting  with  a  radical  having  a  tridimensional  network. 

It  seemed  of  interest  to  determine  how  monomers  with  a  different  structure  than  styrene  would  behave  in 
copolynierization  with  polyesters.  In  connection  v.Tdi  this,  we  studied  in  the  present  paper  the  copolymerization 
of  poly  (1,3- butylene  glycol  fumarate)  widi  vinylcarbazole,  acrylonitrile,  vinyl  acetate  and  mediyl  methacrylate, 
and  of  poly  (ediylene  glycol  fumarate)  widi  vinyl  aceute.  It  was  established  that  vinylcarbazole  does  not  copoly¬ 
merize  widi  the  polyester.  This  fact  supports  the  theory  expressed  regarding  the  influence  of  steric  factors  on 
die  activity  of  vinyl  monomers  in  copolymerization  widi  polyesters.  If  styrene,  having  a  phenyl  ring  at  the 
double  bond,  diows  a  lower  activity  in  its  copolynierization  widi  polyesters  dian  when  copolymerized  with  low- 
molecular  esters  of  furnaric  acid,  then  vinylcarbazole,  having  three  connected  rings  as  substituent  at  the  double 
bond,  will  be  completely  unrcactive  in  copolynierization  with  polyesters,  since  it  obviously  is  unable  to  over¬ 
come  the  steric  hindrance  created  by  die  presence  of  an  extremely  bulky  substituent.  The  constants  for  the 
copolynierization  of  diesters  and  polyesters  with  different  monomers  are  compared  in  Table  1.  The  method 
described  in  a  previous  communication  [5]  was  used  to  compute  the  constants  for  die  systems  investigated  in 
die  present  paper.  From  die  data  in  Table  1,  it  can  be  seen  that  acrylonitrile,  die  same  as  styrene,  shows  a 
sharper  lower  activity  when  copolymerized  wldi  polyesters  than  when  copolynierized  widi  dlesters.  A  slight 
decrease  In  activity  can  also  be  detected  in  die  case  of  methyl  methacrylate.  The  value  of  the  constants  for 
the  copolynierization  of  polyesters  with  vinyl  acetate  is  approximately  of  the  same  order  as  for  funiaric  acid 
dlesters. 
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TABLE  1 


Copoly nierixa lion  Constants  of  Fumarlc  Acid  Derivatives 


System 

ri 

Temperature 

Diethyl  fumarate  —  styrene 
[IG] 

0.07  ±  0.007 

0.30  ±  0.02 

60“ 

Poly  (1,3-butylene 

glycol  fumarate)  — 
styrene  [5] 

3.00  ±  0.40 

0.03  ±  0.03 

60* 

Diethyl  fumarate  — 
acrylonitrile  [IG] 

0.00 

8.00 

60“ 

Poly  (1,3- butylene 

glycol  fumarate)  — 
acrylonitrile 

1.12  ±  0.40 

1.03  ±  0.2 

60“ 

Fumaronitrile  —  mediyl 
methacrylate  [1] 

0.01 

3.5  ±  0,5 

60“ 

Poly  (ethylene  glycol 
fumarate)  —  methyl 
mediacrylate  [1] 

0.35  ±  0.35 

17.5  ±  7.5 

60“ 

Poly  (1,3- butylene 

glycol  fumarate)— 
methyl  methacrylate 

0.5  ±0.5 

2.1  ±  0.30 

60“ 

Diediyl  fumarate  — 
vinyl  acetate  [16] 

0.444  ±  0.003 

0.011  ±  0.001 

60“ 

Poly  (1,3-butylene 

glycol  fumarate)  — 
vinyl  acetate 

0.2  ±  0.2 

0.15  ±  0.07 

60“ 

Poly  (ethylene  glycol 
fumarate)  —  vinyl 
acetate 

0,2  ±  0.1 

0.020  ±  0.02 

60“ 

The  presented  data  Indicate  that  monomers  containing  conjugated  double  bonds  show  a  reduced  activity 
vdicn  reacted  widi  polyesters.  This  may  be  due  to  the  appearance  of  additional  steric  hindrance  in  die  copoly¬ 
merization  with  polyesters.  Molecules  containing  conjugated  double  bonds  will  be  more  rigid  due  to  die  limited 
internal  rotation  of  die  atomic  groups  attached  to  die  single  bond  found  between  the  two  double  bonds  [9].  It  is 
obvious  that  rigid  molecules  react  more  difficultly  with  the  tridimensional  radical  than  do  fle.xlble  molecules. 
Vinyl  acetate,  not  showing  conjugation,  does  not  change  its  activity  when  copolymerized  with  polyesters. 

The  difficulty  of  determining  the  constants  for  the  copolymerization  of  unsaturated  polyesters  with  vinyl 
monomers  permits  obtaining  only  approximate  values.  However,  it  is  possible  to  calculate  from  diese  constants, 
with  sufficient  accuracy  for  practice,  die  conditions  needed  to  obtain  copolymers  of  uniform  composition. 

Using  die  equations  of  L.  I.  Gindin,  A.  D.  Abkin,  and  S.  S.  Medvedev  [10],  and  die  mediod  proposed  by 
S.  N.  Ushakov,  S.  P.  Mitsengendler  and  B.  M.  Polyatskina  [11],  we  calculated  the  Integral  composition  of  the 
copolymers  for  the  different  systems  of  polyesters  with  methyl  methacrylate  and  vinyl  acetate.  The  composition 
diagrams  are  sliown  in  Figs.  1  and  2. 

The  experimental  and  calculated  data  for  the  copolymers  of  poly  (1,3- butylene  glycol  fumarate)  and  vinyl 
acetate  are  compared  in  Table  2.  The  calculated  results  show  good  agreement  with  die  experimental.  Analogous 
results  were  also  obtained  for  the  copolymers  of  the  other  systems. 

Tlie  Integral  composition  was  calculated  on  die  basis  of  die  amount  of  reacted  double  bonds  of  die  polyester 
contained  in  die  copolymer.  Based  on  die  average  amount  of  reacted  double  bonds,  it  is  also  possible  to  calculate 
the  actual  composition  of  the  copolymer  from  die  diagrams. 
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Fig.  1.  Diagram  of  the  integral  composition  for  co¬ 
polymers  of  the  system  poly  (1,3- butylene  glycol 
fumarate) —methyl  methacrylate. 


f  7  S  10  20 


Amt.  of  vinyl  acetate  in  copolymer  (in  mole  <7o) 

Fig.  2.  Diagram  of  the  integral  composition  for 
copolymers  of  the  system  poly  (1,3- butylene  glycol 
fumarate)  —  vinyl  acetate. 


TABLE  2 

Composition  of  Poly  (1, 3- butylene  glycol 
fumarate)  —  Vinyl  Acetate  Copolymers 


Mole  fraction  of  reacted  polyester  units  In 
tlie  copolymers 


calculated  from  the 

constants 

determined 

experimentally 

0.42 

0.39 

0.42 

0.41 

0.41 

0.39 

0.31 

0.36 

0.31 

0.33 

0.43 

0.41 

From  the  composition  diagrams  of  the 
copolymers  it  can  be  seen  that  it  is  possible  to 
obtain  an  azeotrope  for  the  system  poly  (1,3- 
butylene  glycol  fumarate)  —  vinyl  acetate  if  the 
starting  components  are  taken  in  a  1 : 1  ratio. 
Methyl  methacrylate  does  not  give  an  azeotropei 
however,  the  diagrams  permit  selecting  such 
conditions  that  copolymers  with  the  most  uniform 
composition  are  obtained.  Acry-lonitrlle,  as  can 
be  seen  from  the  copolymerization  constants, 
gives  an  azeotrope  at  all  ratios  of  the  starting 
components. 

EXPERIMENTAL 

The  polyesters  poly  (1,3- butylene  glycol 
fumarate)  and  poly  (ethylene  glycol  fumarate) 
were  obtained  by  the  polycondensation  of  maleic 
anhydride  witli  the  proper  glycols.  The  con¬ 
densation  was  run  in  a  nitrogen  atmosphere  at 
120*  for  2  hours  and  at  190"  to  tlie  desired  acid 
number.  As  is  known,  under  these  conditions 
the  maleic  linkages  are  isomerized  to  the  fumaric 
[12].  Maleic  anliydride  and  the  glycols  were 
purified  by  vacuum  distillation. 

Poly  (1,3- butylene  glycol  fumarate)  had 
d®4  1.2279  and  n^D  1.5102,  acid  number 
46.2,  and  saponification  number  630.40.  Poly- 
(etliylene  glycol  fumarate)  had  d®^  1.3623, 
acid  number  63.6,  and  saponification  number 
721.6. 


The  vinylcarbazole,  acrylonitrile,  vinyl  acetate  and  methyl  methacrylate  were  purified  by  known  procedures 
[13,  14].  Vinylcarbazole  after  purification  had  m.  p.  65-66*  and  a  nitrogen  content  of  7.21 ‘/o.  The  constants 
of  the  purified  acrylonitrile,  metliyl  methacrylate  and  vinyl  acetate  are  given  in  Table  3. 


271 


Copolymerization  of  the  polyesters  with  acrylonitrile,  vinyl  acetate  and  metliyl  methacrylate  was  run  In 
sealed  glass  ampules  In  a  nitrogen  atmosphere.  The  ampules  were  placed  in  a  tliermostat,  where  the  temperature 
was  maintained  at  60  ±  0.1*.  Benzoyl  peroxide  was  used  as  reaction  initiator.  When  the  reaction  had  gone  to 
the  desired  degree  the  ampules  were  removed  from  the  tliermostat  and  cooled  in  liquid  nitrogen.  To  separate  the 
tridimensional  copolymer  from  the  otlier  reaction  products.tlie  contents  of  the.ampules  were  treated  with  acetone 
containing  traces  of  hydroquinone.  The  hydroquinone  was  added  to  prevent  further  polymerization  of  the  un¬ 
reacted  starting  products.  After  filtering  tlie  solution  tlirough  a  weighed  glass  filter  the  insoluble  copolymer  was 
washed  well  with  acetone  until  the  addition  of  water  to  tlie  acetone  wasli  failed  to  give  a  turbidity.  This  was 
usually  achieved  only  after  repeated  treatment  of  the  reaction  products  with  acetone  for  several  days.  The 
copolymer  after  removal  of  the  acetone-soluble  products  was  dried  in  a  vacuum  oven  at  80*  to  constant  weight. 

TABLE  3 

Properties  of  Vinyl  Monomers 


Monomer 

n*’D 

Acrylonitrile 

0.8055 

1.3910 

Methyl  methacrylate 

0.9340 

1.4166 

Vinyl  acetate 

0.9342 

1.3958 

TABLE  4 


Copolymerization  of  Polyesters  with  Vinyl  Monomers 


Polyd, 3- butylene 
glycol  fiimarate)- 
acrylonitrile 

Poly(l  ,3- butylene 
glycol  fumaraie)- 
methyl 
methacrylate 

Polyd  ,3- butylene 
glycol  fumarate)- 
vinyl  acetate 


Poly(ethylene  glycol 
ftimarate)  —  vinyl 
acetate 


0.3272 
0.1599  1 
0.6790  i 
0.19381 
0.2551 


0.8886  1  2.966 
0.7755  i  3.997 
0.6145  I  4. 1888 
0.6570  2.205 


0.0227  0.02568 

0.09686  0.1066 

0.0687  0.06426 

0.0873  0.1043 


A  study  of  the  acetone- soluble  portion  of  the  reaction  products  revealed  that  it  is  a  mixture  of  the  starting 
components  (polyester  and  monomer). 

The  composition  of  the  copolymers  was  calculated  from  the  results  of  the  elemental  microanalysis  for 
hydrogen,  caibon  and  oxygen.  For  tlie  calculation,  we  usually  took  tlie  element  wiili  the  greatest  difference 
In  amount  in  the  polyester  and  the  monomer. 


To  determine  the  amount  of  reacted  polyester  units  we  used  the  method  based  on  the  rule  of  additivity  of 
tlie  specific  volumes  and  a  definite  shrinkage  value  for  die  monomers  when  polymerized  [15l. 

^6  +  b(S  JJ1  6  Q 

'Ilie  amount  of  reacted  double  bonds  was  determined  using  die  formula:  X  = - ^ - ,  where 

^102 

X  is  die  weight  fraction  of  reacted  polyester  units  in  the  copolymer,  ^  and  b  are,  respectively,  die  weight 
fractions  of  vinyl  monomer  and  polyester  in  the  copolymer,  6n.  6ni2»  *c  respectively,  the  specific 

volumes  of  the  polymer  of  die  vinyl  monomer,  polyester, and  copolymer,  and  P,j^j  is  die  specific  shrinkage  of 
die  polyester  unit, 

'Hie  density  of  die  copolymers  was  determined  using  a  pycnometer.  The  copolymers  prior  to  determining 
the  density  were  pelleted  at  150*  and  a  pressure  of  200  kg/cm*. 

llie  cx[)erlmcntal  data  are  given  in  Table  4,  and  these  data  were  used  in  die  graphical  calculation  of  the 
copolymerizaiion  constants. 

Copolymerization  of  poly  (1,3- butylene  glycol  fumarate)  widi  vinylcarbazole  was  run  in  toluene  solution, 
in  a  nitrogen  atmosphere,  in  die  presence  of  benzoyl  peroxide.  Despite  die  long  heating  (up  to  65  hours)  at 
100*  and  die  addition  of  peroxide  (up  to  \%),  the  reaction  products  were  completely  soluble  in  acetone,  which 
led  us  to  conclude  diat  vinylcarbazole  does  not  copolymerize  with  poly  (1,3- butylene  glycol  fumarate)  under  the 
given  conditions. 


SUMMARY 

1.  The  peculiarities  of  the  copolymerization  of  unsaturated  polyesters  with  vinyl  monomers  were  discussed. 

2.  A  study  was  made  of  die  copolymerization  of  poly  (1,3- butylene  glycol  fumarate)  with  vinylcarbazole, 
acrylonitrile,  mediyl  methacrylate, and  vinyl  acetate,  and  of  poly  (ethylene  glycol  fumarate)  with  vinyl  acetate. 

3.  It  was  shown  that  acrylonitrile,  die  same  as  styrene,  exhibits  a  lower  activity  in  reaction  with  the 
radical  of  a  polyester  unit  than  in  reaction  with  fumaric  acid  diesters,  while  vinyl  carbazole  is  completely 
unreactive  in  copolymerization  with  polyesters,  which  apparently  is  due  to  steric  factors.  Vinyl  acetate  does 
not  change  its  activity  in  these  reactions. 

4.  The  determined  values  of  the  copolymerization  constants  make  it  possible  to  calculate  the  conditions 
for  obtaining  copolymers  of  uniform  composition  from  unsaturated  polyesters  and  vinyl  monomers. 
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In  previous  papers  [1-4]  we  discussed  the  results  of  studying  the  copolymcrlzation  of  unsaturated  polyesters 
of  different  structure  witli  tltose  monomers  for  which  the  radical  mechanism  of  polymerization  is  characteristic. 
For  a  better  understanding  of  reactions  of  tliis  type  it  seemed  of  interest  to  investigate  the  copolymerization  of 
unsaturated  polyesters  with  vinyl  alkyl  ethers,  vvhlch,  as  is  known,  polymerize  well  by  the  ionic  mechanism  and 
poorly  by  die  radical  mechanism.  However,  in  common  widi  other  monomers  which  polymerize  under  the 
Influence  of  peroxide  Initiators  (acrylic  acid,  metliacrylic  acid,  tneir  esters,  etc.),  die  vinyl  ediers  arc  capable 
of  giving  copolymers.  Here  the  radical  of  die  vinyl  ether  reacts  only  with  the  "foreign"  monomer.  Proceeding 
from  diis  fact,  it  could  be  assumed  that  the  vinyl  ethers  when  copolymerized  with  unsaturated  polyesters  will 
enter  into  die  copolymer  as  single  units. 

In  this  paper  we  studied  the  effect  of  die  structure  of  vinyl  ethers  on  dieir  relative  activity  when  copoly¬ 
merized  with  unsaturated  polyesters. 

TABLE  1 

Copolymerization  of  Poly  (1,3-butylene  glycol  fumarate)  with  Vinyl  n- Propyl  Ether 


Amt.  starting  compon¬ 
ents  taken  (in 
g-mole  •  10*  ) 

Composition  of  copolymer 
(in  g-  mole  •  lo*) 

Comp,  of.reactlon. 
mixture  (oi  g-mole* 
*102) 

Amt.  of 
reacted 
fumaric 
units 
(in  <7o) 

of  polyester 
(calc,  on  the 
reacted  amt) 

of 

vinyl 

edier 

polvester 

vinyl 

ether 

polyester 

vinyl 

edter 

total 

amount 

reacted 

0.:i(il7 

2.2209 

0.1.500 

0.0710 

0.0117 

0.2871 

2.1762 

19 

().'i()31 

1.1913 

O.27S0 

0.1007 

0.0770 

0.3561 

1.1113 

38 

0. 'i65i 

1.1025 

0.2109 

0.1031 

0.0051 

0..3650 

1.0371 

12 

0..'*'i36 

0.0693 

0.0812 

0.0215 

0.0111 

0.1191 

0.6579 

30 

11.5178 

0.0.598 

0.1  't'i8 

0.0518 

0.0238 

0.1000 

0.0360 

36 

D.tiSUd 

0.5550 

0.0881 

0.0111 

0.0172 

0.6398 

0.5381 

10 
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For  this  purpose,  we  determined  ilie  constants  for  the  copolymerization  of  poly  (1,3- butylene  glycol 
fuinaraic)  wltli  five  vinyl  ethers  of  diffetent  structure,  calculated  the  composition  diagrams  of  the  copolymers, 
and  studied  the  thcrmomcchanlcal  properties  of  the  copolymers  at  different  starting  ratios  of  the  components. 
To  calculate  tlie  copolymerization  constants  we  used  the  method  described  earlier  [1, 


Fig.  1.  Graphical  calculation  of  constants  for  copolymerization 
of  poly  (1,3- butylene  glycol  fumarate)  with  vinyl  alkyl  ethers. 

1)  Vinyl  isoamyl  ether  (rj  =  3.8  ±  0.7,  r2  =  0);  2)  vinyl  n- amyl 
ether  (ri  =  2.7±  0.7,  r2  =  0)j  3)  vinyl  Isobutyl  ether  (tj  = 

=  2.0  ±  0.7,  r2  =  0);  4)  vinyl  n-butyl  ether  (tjsl.Si  0.5, 

12  =  0);  5)  vinyl  n- propyl  etlier  (r2  =  l.G±  0,5,  r2  =  0). 


The  results  for  the  copolymerization  of  poly  (1,3- butylene  glycol  fumarate)  with  vinyl  n- propyl  ether  are 
given  In  Table  1,  From  the  data  In  the  table.  It  can  be  seen  tltat  the  copolymer  contains  from  5  to  13'yo  of  the 
vinyl  ether  by  weight.  The  amount  of  reacted  fumaric  units  averages  40^70  (with  a  determination  accuracy  of 
±10%).  As  the  calculations  reveal,  such  a  large  experimental  error  lias  a  very  small  effect  on  the  value  of  the 
copolymerization  constants.  Analogous  results  were  also  obtained  for  the  oilier  vinyl  etliers. 
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llie  graphical  calculation  and  values  of  the  copolynierizatlon  constants  are  given  In  Fig.  1.  The  values 
of  the  constants  indicate  tliat  vinyl  edicts  have  a  lower  activity  than  the  fumarlc  units  of  the  polyester,  and  the 
radicals  of  the  vinyl  ethers  hardly  react  with  their  own  molecules.  The  structure  of  die  vinyl  ether  has  little 
effect  on  die  relative  activity  in  copoly incrlzation  widi  unsaturated  polyesters. 

TABLE  2 

Comparison  of  Copolymerization  Constants  of  Some  Monomers 

VVldi  Dicdiyl  Fumarate  and  Vinyl  Ethers 


Monomers 

A/.  1 

Styrene  [5] 

Diethyl 

fumarate 

0.30  ±  0.02 

0.07  ±  0.007 

Styrene  [6] 

Vinyl  ethyl 
ether 

90  ±20 

0 

Vinyl  acetate  [7] 

Diethyl 

fumarate 

0.011  ±0.001 

0.414  ±  0.003 

Vinyl  acetate  [8] 

I  Vlnjjl^elhyl 

3.0±0.i 

0 

Vinyl  chloride  [7] 

!  Diethyl 
j  fumarate 

0.12  ±0.01 

0.47  ±  0.05 

Vinyl  chloride  [9] 

Vinyl  isobutyl 
ether 

2.0  ±  0.2 

0.02  ±  0.01 

Tlie  obtained  results  coincide  with  die  literature  data  on  the  copolymerization  of  vinyl  ethers  wldi  other 
monomers. 

If  a  comparison  is  made  of  die  relative  activity  of  vinyl  ethers  and  fumaric  acid  dlesters  in  copolymeriza¬ 
tion  with  a  third  monomer,  dien  it  is  seen  diat  also  in  this  case  the  vinyl  ethers  ate  less  active  than  the  fumarlc 
acid  diesters  (Table  2).  As  a  result,  the  activity  of  vinyl  ethers  when  they  are  copolymerized  with  polyesters 
and  with  fumaric  acid  diesters  remains  practically  unchanged. 

Using  the  equations  of  L.  M.  Gindin,  A.  D.  Abkin,  and  S.  S.  Medvedev  [10],  and  the  method  proposed  by 
S.  N.  Usliakov,  S.  P.  Mitsengendler,  and  B.  M.  Polyatskina  [11],  we  calculated  the  Integral  composition  of  the 
copolymers.  The  calculation  results  are  plotted  in  Figs.  2  and  3. 

From  the  composition  diagrams  of  die  copolymers,  it  can  be  seen  that  all  of  the  investigated  systems 
approach  the  azeotrope  only  in  die  region  of  a  very  high  concentration  of  the  polyester.  A  rapid  exhaustion 
of  the  polyester  occurs  at  noiuzeotroplc  ratios.  Excess  vinyl  edier  is  incapable  of  forming  polymeric  molecules 
(r2  =  0)  and  consequently  remains  in  the  block  in  the  free  state.  The  consumption  of  both  components  proceeds 
uniformly  wlien  the  polyester; monomer  ratio  is  in  the  vicinity  of  the  azeotropic  ratio  of  9:1,  and  such  a 
copolymer  does  not  contain  imreacted  vinyl  ether.  This  statement  is  supported  by  the  thermomechanical  in¬ 
vestigations  of  the  copolymers  on  die  examples  of  vinyl  n- butyl  ether  and  vinyl  isoamyl  ether.  The  results  of 
these  investigations  are  sliown  in  Figs.  4  and  5.  From  diese  graphs,  it  can  be  seen  that  all  of  the  curves  can 
be  divided  into  two  types:  In  one  case,  the  start  of  deformation  lies  near  the  decomposition  temperature,  and 
in  the  other  case,  it  is  found  at  a  relatively  low  temperature.  Curves  of  the  first  type  give  copolymers  with  the 
ratios  of  die  components  close  to  die  azeotrope.  In  harmony  widi  the  integral  composition  diagrams,  die  shape 
of  these  curves  indicates  diat  these  copolymers  have  a  uniform  composition.  The  second  type  of  curves  give 
copolymers  at  ratios  of  die  starting  components  different  from  die  azeotrope.  Deformation  at  comparatively 
low  temperature  and  the  smoodi  ascent  of  the  curves  can  be  due  to  die  presence  of  unreacted  vinyl  alkyl  ether 
In  the  copolymer,  wliich  gradually  volatilizes  when  the  specimen  is  heated. 


277 


Fig.  2.  Diagram  of  integral  com¬ 
position  of  copolymers  from  poly- 
(1,3- butylene  glycol  fumaratc)  and 
vinyl  n- butyl  ether.  The  numbers 
on  tlie  curves  denote  the  number 
of  moles  of  polyester  per  mole  of 
vinyl  ether  in  the  starting  mixture. 


Fig.  3.  Diagram  of  integral  com¬ 
position  of  copolymers  from  poly- 
(1,3- butylene  glycol  fumarate)  and 
vinyl  isoamyl  eilier.  The  numbers 
on  the  curves  denote  the  number 
of  moles  of  polyester  per  mole  of 
vinyl  ether  in  tire  starting  mixture. 


In  contrast  to  tlie  tltermomechanical  curves  for  the  nonazeotropic  copolymers  from  poly  (1,3- butylene 
glycol  fumarate)  and  vinyl  ethers,  it  is  characteristic  tliat  similar  curves  for  the  system  poly  (1,3-butylene 
glycol  fumarate)  —  styrene  do  not  have  a  smootli  ascent,  but  instead  a  well-defined  straight  section  (Fig.  6) 
[12j.  'I’his  difference  is  evidently  due  to  the  fact  that  in  the  latter  case  me  styrene,  after  exltaustion  of  the 
polyester,  forms  a  polymeric  chain. 

As  a  result,  tlie  obtained  copolymerization  constants  make  it  possible  to  explain  the  peculiarities  in  the 
behavior  of  vinyl  alkyl  ethers  when  reacted  with  unsaturated  polyesters. 


Fig.  4.  Thcrmomechanical  curv'cs  for  co¬ 
polymers  from  poly  (1,3- butylene  glycol 
fumarate)  and  vinyl  n-butyl  ether.  The 
numbers  on  the  curves  denote  the  number 
of  moles  of  polyester  per  mole  of  vinyl 
ether. 


Temperature 


Fig.  5.  iTiermomechanical  curves  for  co¬ 
polymers  from  poly  (1,3-butylene  glycol 
fumarate)  and  vinyl  isoamyl  etlier.  Tlie 
numbers  on  the  curves  denote  tlie  number 
of  moles  of  polyester  per  mole  of  vinyl 
etlier. 
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EXPERIMENTAL 


Starling  coinpoiinds.  Maleic  anhydride  was  purified  by  precipitation  with  methyl  alcohol  from  a  mixture 
of  chloroform  and  carlwn  iciracliloride  (1  :l),  and  subsettucni  vacuum  distillation.  The  product  used  for  poly¬ 
condensation  had  m.  p.  53*  and  a  maleic  anhydride  content  of  99.8  °]o. 

1,3- Butylene  glycol  was  purified  by  vacuum 
distillation,  after  which  it  had  d®4  1.0074  and  n®D 
1.4415. 

Poly(l,3-butylene  glycol  fumarate)  was  obulned 
by  tlie  polycondensation  of  equimolar  amounts  of  maleic 
anhydride  and  1,3-butylene  glycol  in  a  nitrogen  stream 
for  2  hours  at  120*,  and  then  at  190*  until  the  desired 
acid  number  was  obtained.  The  obtained  specimen  had 
an  acid  number  of  56.13,  a  saponification  number  of 
610.90,  and  d®4  1.2230. 

Tlte  vinyl  ethers  were  obtained  by  the  A.  E, 
Favorskii—  M.  F.  Shostakovskii  method  [13]|  their 
properties  are  given  in  Table  3, 

TABLE  3 

Properties  of  Vinyl  Ethers 

Ether  1  B.  P.  |  d.* 

Vinyl  n- propyl 
Vinyl  n- butyl 
Vinyl  isobutyl 
Vinyl  n-amyl 
Vinyl  isoamyl 


The  benzoyl  peroxide  was  purified  by  precipitation  with  methyl  alcohol  from  chloroform  solution. 

Ionic  polymerization  of  vinyl  ethers.  In  a  150-ml  tliree-necked  flask  fitted  with  a  reflux  condenser, 
thermometer, and  stirrer,  was  placed  30-40  ml  of  vinyl  alkyl  ether,  and  after  heating  to  a  temperature  near  the 
boiling  point  of  the  ether,  2-3  drops  of  a  2*70  ferric  chloride  solution  in  the  alcohol  corresponding  to  the  ether 
was  added.  Here  the  temperature  rose  to  110-120*,  and  the  viscosity  of  the  ether  increased  greatly.  The  polymers 
from  vinyl  n- propyl  etlier  and  vinyl  n- butyl  ether  were  rid  of  unreacted  etlier  by  heating  in  vacuo  (5-6  mm)  at 
100-120*.  The  otlier  polymers  were  precipitated  from  benzene  solution  witli  methanol,  and  tlten  were  dried  in 
vacuo  to  constant  v/eight.  lire  densities  of  tltc  polymers  obuined  from  tlie  vinyl  alkyl  ethers  are  given  in  Table 4. 

Copolymerization  procedure.  The  weighed  amount  of  polyestCi  in  vinyl  etlier  solution  was  placed  in  a 
tared  ampule  with  a  drawn-out  end,  tlie  ampule  was  weighed,  cooled  in  liquid  nitrogen,  filled  witli  o.xygen-free 
nitrogen,  and  scaled. 

The  amount  of  benzoyl  pero.xide  added  to  the  solution  ranged  from  0.01  to  0.1*70  by  weight.  The  copoly¬ 
merizations  were  run  in  a  tlicrmostat  at  60  ±  0.5*.  The  reaction  time  was  taken  such  as  to  give  different 
degrees  of  polymerization  for  each  ratio  of  die  components.  The  obtained  tridimensional  polymer  was  washed 
with  acetone  to  remove  unrcacted  polyester  and  vinyl  etlier  until  no  more  polyester  was  present  (addition  of 
water  to  tlte  solvent  failed  to  give  a  turbidity  on  long  standing).  The  washed  polymer  was  dried  in  vacuo  at 
70-80*  to  constant  weight.  The  degree  of  conversion  was  determined  as  tlie  ratio  of  tlie  amount  of  obtained 


Temperature 

Fig.  6.  Thermomechanical  curves  for  copolymers 
from  poly  (1,3- butylene  glycol  fumarate)  and 
styrene.  The  numbers  on  tlie  curves  denote  the 
number  of  moles  of  polyester  per  mole  of  styrene 
in  the  starting  mixture. 
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polymer  to  the  original  weight  of  tlie  mixture.  Analysis  of  tlic  acetone- soluble  portion  for  acid  number  and 
saponification  numl)cr  revealed  it  to  be  unreacted  polyester. 


Polymer  from  edier 

■20 
d  4 

Vinyl  n-propyl 

0.9418 

Vinyl  n-butyl 

0.9322 

Vinyl  isobiityl 

0.9010 

Vinyl  n-amyl 

0.9151 

Vinyl  isoamyl 

0.9117 

The  composition  of  the  tridimensional  polymers  was  cal- 
TAiJLE4  * 

ciliated  from  tlie  elemental  microanalysis  data  for  oxygen.  The 

Density  of  Polymers  from  Vinyl  Ethers  density  was  determined  by  the  pycnometer  metltod  using  n-butyl 

- -  alcohol  as  die  auxiliary  liquid.  Prior  to  determination,  the  co- 

Polymer  from  edier  polymers  were  pelleted  at  a  pressure  of  150  kg/cm^  and  a  tem- 

- pf  ^gg_  200®. 

Vinyl  n-propyl  0.9418 

Vinyl  n-butyl  0.9322  The  V.  A.  Kargin  method  [14,  15]  was  used  to  investigate 

Vinyl  Isobiityl  0.9010  die  diermomechanical  properties  of  the  copolymers.  The  curves. 

Vinyl  n-amyl  0.9151  plotted  in  the  coordinates  percent  compression  deformation  vs. 

Vinyl  isoamyl  0.9117  temperature,  were  obtained  using  die  apparatus  designed  by 

D.  L.  Tsetlin,  D.  1.  Gavrilov,  N.  A.  Veiikovskaya,  and  V.  V. 
Kochkin  [16j.  The  testing  was  done  with  a  load  of  40  kg/cm^. 

The  test  samples  were  obtained  by  block  copolyinerization  in  ampules,  in  die  presence  of  O.2‘7o  benzoyl 
peroxide,  for  6-8  hours  at  60“,and  at  15-20  hours  at  80*  in  order  to  obtain  more  complete  hardening.  Complete 
hardening  occurred  in  this  lengdi  of  time.  The  copolymers  that  were  kept  at  80*  for  60  hours  gave  die  same 
type  of  plot  as  those  held  for  15-20  hours.  The  specimens  cut  out  of  the  blocks  had  a  diameter  of  9  mm  and  a 
diickness  of  3.5  mm. 

SUMMARY 

1.  The  copolymerization  of  poly  (1,3-butylene  glycol  fumarate)  widi  five  different  vinyl  ethers  was 
examined.  It  was  shown  diat  up  to  a  conversion  degree  of  15-20‘’/o  the  copolymer  still  contains  about  60‘7o  of 
unrcacted  double  bonds  of  the  polyester.  The  copolymerization  constants  were  determined  and  it  was  established 
diat  die  activity  of  vinyl  ethers  with  respect  to  die  fumaric  linkage  is  practically  independent  of  their  structure. 

2.  A  copolymer  of  uniform  composition  is  formed  if  die  ratio  of  polyester  to  vinyl  ether  Is  taken  not  less 
dian  9  ;1. 

3.  The  validity  of  the  found  copolymerization  constants  was  confirmed  by  investigating  the  diermo- 
mechanical  properties  of  the  copolymers  obtained  from  poly  (1,3- butylene  glycol  fumarate)  and  the  vinyl 
ediers. 
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p-(tu-  Aminoalkyl)  plienylalkanecarboxylic  acids 

N 1 12((:  H 2),.  Co  1 1 ,(( U I WIO  0  H 

are  of  interest  for  obtaining  polyamides  tliat  are  suitable  for  the  formation  of  heat-stable  syntlietic  fibers.  The 
synthesis  and  polycondensation  of  p-aminometliylphenylalkanecarboxylic  acids  to  yield  high-molecular  poly¬ 
amides  had  been  described  by  us  earlier  [1].  Continuing  our  investigation  in  tlie  present  paper,  we  syntliesized 
a  number  of  new  amino  acids  belonging  to  tliis  series,  namely,  some  p-aminoediylphenylalkanecarboxylic  acids, 
and  obtained  tlie  corresponding  polyamides  from  tliem. 

Syntliesis  of  tire  previously  unknown  p-aminoetliylphenylalkanecarboxylic  acids  was  accomplished  by  the 
following  scheme 


CclIsfClIzh-COOlI  ClCII..Co'>,(CII.,)„C()011  ^  CNCII./lJIjfCllaUCOOIl 
llCl  .  Nll2(Cll2)2Ci!ll4(Cll2)„COOIl  — >  Nll2(Cll2)2Coll4((:il2)«C001I. 


For  the  chloromethylation  of  die  plienylalkanecarboxylic  acids  we  used  die  earlier  described  method  [2], 
with  the  only  difference  diat  instead  of  formalin  we  took  a  suspension  of  paraform  in  concentrated  hydrochloric 
acid.  The  reaction  goes  much  faster  in  this  case.  In  die  cyanation  of  die  p-chloromethylphenylalkanecarboxylic 
acids  we  used  a  large  excess  of  potassium  cyanide  on  die  assumption  diat  a  part  of  the  potassium  cyanide  is  con¬ 
sumed  to  form  the  potassium  salt  of  die  carboxylic  acid.  Purification  of  die  p-cyanomcdiylphenylalkanecarbox- 
ylic  acids  by  vacuum  distillation  is  impractical  due  to  dieir  tendency  to  convert  to  linear  and  cyclic  imido 
compounds  [3j. 

Hydrogenation  of  die  p-cyanomethyl plienylalkanecarboxylic  acids  using  die  usual  procedure  for  the 
catalytic  reduction  of  nitriles  (in  alcoholic  ammonia  solution  using  Raney  nickel  catalyst)  is  unsuccessful, 
since  die  nickel  reacts  widi  the  carboxylic  acid.  For  diis  reason,  die  hydrogenation  was  tun  in  an  aqueous 
mixture  of  ammonia  and  KOH  (in  die  same  mannet  as  cyanoacetic  acid  is  hydrogenated  to  d -alanine)  [4j. 

Because  of  impurities,  we  were  luiable  to  isolate  die  amino  acids  as  such  from  the  hydrogenation  products 
of  die  nitriles.  For  diis  reason,  die  amino  acids  were  isolated  from  the  hydrogenation  products  as  die  hydro¬ 
chlorides  of  the  niediyl  esters.  In  die  case  of  obtaining  p-aminoediylphenylacetic  acid  the  synthesis  was 
accomplished  through  die  hydrochloride  of  the  ediyl  ester,  since  die  free  methyl  ester  of  this  acid  is  readily 
soluble  in  water  and  consequently  is  obtained  in  poor  yield.  The  amino  acids  were  isolated  from  the  hydro¬ 
chlorides  of  dieir  esters  by  decomposing  the  latter  with  aqueous  ammonia,  followed  by  saponification  of  die 
free  esters  wldi  barium  hydroxide. 
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In  this  paper  we  synthesized  p-aniiiioeihylpheny lacetic  (I),  p-<anilnoethylphenylproplonic  (11),  p-atnliio- 
etltylplienyllnitvric  (III)  and  p-aniinoctliy Iphenylvalerie  (IV)  aiids.  These  amino  acids,  the  same  as  ihc  p- 
amlnomcthylpheiiy lalkanecarlioxylie  ai-ids,  are  i  onveried  into  liij'h- molecular  polyamides  not  only  by  poly¬ 
condensation  in  tile  liquid  phase  (in  a  melt),  but  also  in  the  solid  phase. 

llie  polyamides  obtained  by  the  melt  polycondensation  of  amino  acids  (I),  (III),  and  (IV)  ate  tough,  vhlte, 
hornlike  materials,  from  which  it  is  possible  to  spin  threads  that  can  be  cold-drawn.  The  polyamide  from  amino 
acid  (II)  melts  with  decomposition  and  can  be  obtained  wiili  a  high  molecular  weight  only  by  polycondensation 
in  die  solid  phase;  it  is  soluble  only  in  concentrated  sulfuric  acid,  in  which  It  forms  quite  concentrated  viscous 
solutions.  Despite  the  larger  number  of  methylene  groups,  tlte  polyamide  from  (11)  melts  some  100*  above  the 
polyamide  from  (I),  which  indicates  the  Important  role  played  by  the  structural  symmetry  of  the  polymer  unit. 

An  increase  in  the  melting  point  in  going  from  die  polyamide  from  (III)  to  the  polyamide  from  (IV)  can  probably 
be  explained  by  an  Increase  in  the  intramolecular  reaction  forces  due  to  die  fact  that  each  chain,  located  between 
the  benzene  rings  and  die  amino  groups,  contains  an  even  number  of  mediylene  groups. 


EXPERIMENTAL 


Tlie  amino  acids  were  all  obtained  by  the  same  technique,  for  v/hich  reason  we  will  describe  only  the 
syndiesls  of  p-aminoediylphenylvaleric  acid.  Tlie  data  on  the  other  amino  acids  and  intermediate  compounds 
are  summarized  in  Tables  1-4. 

TABLE  1 

Cyanocarboxylic  Acids,  CNCIl 2^0^4(011 2) ijCCXDH 


0) 

0 

G 

■2  0 
</>  ^ 

Value  of 
n 

2# 

M,  p. 

Content  (in  %) 

found 

calculated 

c 

H 

N 

D 

11 

N 

(I) 

1 

50 

120.0- 121. .50 

G8.80,  68.35 

5.15,5.01 

7.91,7.79 

68.56 

5.18 

7.99 

(M) 

•) 

42 

107.0-ltv\0 

70.32.  70.19 

5.95.  5.79 

7.38,  7.62 

69.83 

5.86 

7.40 

(HI) 

.3 

57 

86.5— S7.0 

70.82,  70.98 

6,6.3,  6.57 

6.78,  6.58 

70.95 

6.40 

6.88 

(IV) 

5i 

H5.0 

71.61,  71.68 

6.87,  6.95 

6.43, 6.46 

71.90 

6.63 

6.44 

p-Cyanomediylphenylvaleric  acid.  A  suspension  of  50  g  of  potassium  cyanide  in  50  ml  of  water  was 
gently  heated  widi  stirring  until  most  of  die  salt  had  dissolved.  Then  100  ml  of  ethanol  and  50  g  of  p-chloro- 
methylplienylvaleric  acid  were  added  and  the  mixture  was  cautiously  heated  under  reflux  for  1.5  hours.  The 
obtained  black  solution  was  vacuum  distilled  until  85  ml  of  liquid  had  distilled,  and  the  residue  was  treated 
with  300  ml  of  w'ater.  The  stirred  solution  was  acidified  widi  concentrated  hydrochloric  acid  and  cooled  in  ice. 
The  precipitate  was  filtered,  washed  with  water,  dried,  and  extracted  twice  with  40-ml  portions  of  hot  benzene. 
The  combined  benzene  extracts  were  filtered  and  die  benzene  was  distilled  off.  The  residue  (cyanocarboxylic 
acid)  was  purified  by  extracaon  with  hot  aqueous  metlianol  (210  ml),  and  die  extracts  were  cooled  in 
ice.  After  ten  such  operations,  we  obulncd  27.3  g  (54%)  of  die  nitrile  with  m.  p.  58.0-63.5*,  which  was 
suitable  for  hydrogenation.  Vo  obtain  the  analytically  pure  specimen(with  ni.  p.  63.5-65.0*)  die  product  was 
digested  with  hot  petroleum  edier  and  the  extract  was  cooled. 

Hydrochloride  of  methyl  ester  of  p-aminoe  thy  Iphenylvalerie  acid^  Thirty  grams  of  p-cyanornediylphenyl- 
valeric  acid  was  dissolved  in  a  mixture  of  260  ml  of  26  ’/n  ammonia  and  72  ml  of  15%  KOII.  The  hydrogenation 
was  run  at  room  temperature  in  a  1-liter  rotated,horlzontal  autoclave  in  the  presence  of  0  ml  of  an  aqueous 
suspension  of  Raney  nickel  catalyst.  The  initial  hydrogen  pressure  was  98  atmos,  die  final  pressure  was  80  atmos, 
and  die  reaction  time  was  4.5  hours.  The  catalyst  was  filtered,  and  the  solution  was  concentrated  to  a  volume 
of  85  ml  by  distilling  off  the  water  In  vacuo,  and  filtered.  The  filtrate  was  acidified  with  40  ml  of  concentrated 


283 


hydrochloric  acid  and  die  obtained  suspension  was  evaporated  to  dryness.  The  residue  was  digested  4  times 
witli  40-ml  portions  of  hot  methanol.  The  extracts  were  filtered  from  mineral  salt,  combined,  and  saturated 
wltli  hydrogen  chloride.  The  obtained  precipitate  was  filtered,  the  filtrate  was  stirred  wiUi  350  ml  of  etlier, 
and  die  obtained  second  crop  was  combined  wldi  die  first  and  die  whole  waslied  widi  edier.  The  substance 
was  dien  dissolved  in  95  ml  of  hot  medianol,  the  solution  boiled  widi  activated  carbon,  filtered,  and  mixed 
with  300  ml  of  edier.  We  obtained  19.5  g  (65^o)  of  die  hydrochloride, with  m.  p.  172.5-175.0*. 


TABLE  2 

Hydrochlorides  of  Esters  of  p- Aminoethylphenylalkanecarboxyllc  Acids 
HCl  •  NH2  (aij  )2C6H4  (a  iz  )n  CO  OR* 

I  I  Content  (in  ^0) 


Substance 

Value  of 

Yield 

M.  p. 

No. 

n 

(in  %) 

(i) 

1 

51 

172..5- 173.5® 

(>0 

2 

62 

214.5-215.5 

(HI) 

3 

56 

172.0-173.0 

(IV) 

4 

65 

172.5-175.0 

found  ] 

1  calculated 

N 

Cl 

N 

Cl 

•  (II)  -  (IV)  are  the  hydrochlorides  of  the  methyl  esters,  and  (I)  is  the  hydrochloride  of 
the  ethyl  ester. 


TABLE  3 


p- Aminoediylphenylalkanecarboxylic  Acids  NH2(CH2)2C6H4(CH2)nCOOH 


Content  (in  °Jo) 


found 


1  53  —  67.29,  67.24  7.17,  7.21  7.96,  7.68  67.02  7.37 

2  68**  —  68.44,  68.06  8.12,  7.84  7.24,  7.18  68.37  7.82 

3  50  —  69.56,  69.70  8.32,  8.15  6.95,  7.00  69.62  8.20 

4  .53  199.0-199.5®  70.72,  70.49  8.47,  8.30  6.32,  6.27  70.60  8.59 


*  The  melting  points  of  amino  acids  (I)  -  (111)  lie  above  die  initial  polycondensation 
temperatures  in  the  solid  phase,  for  which  reason  an  accurate  determination  of  these 
constants  is  impossible. 

•  *  This  acid  Is  quite  soluble  In  aqueous  alcohol  solutions,  for  which  reason  it  was 
recrystallized  from  aqueous  acetone  solution. 

p-Arnlnoediylphcnylvaleric  acid.  Eighteen  grams  of  powdered  p-aminoediylphenylvaleric  acid  methyl 
ester  hydrochloride  was  shaken  in  a  separator)'  funnel  with  47  ml  of  26%  aqueous  ammonia  until  all  of  the  solid 
had  disappeared.*  The  obtained  emulsion  of  free  amino  acid  ester  in  water  was  extracted  tw'ice  with  75-ml 


•  To  obtain  p-aminoediylphenylpropionic  acid  die  hydrochloride  was  digested  widi  hot  aqueous  ammonia^  the 
resulting  emulsion  was  cooled,  and  die  crystalline  amino  acid  ester  was  filtered  and  washed  widi  water. 
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portions  of  eilicr,  tlie  combined  ether  extract  was  washed  twice  with  50-ml  portions  of  water,  and  the  solvent 
was  vacuum  distilled  in  a  warm  water  batii.  The  residue  was  dissolved  in  70  ml  of  50%  aqueous  metlianol, 
mixed  with  11  g  of  barium  hydroxide,  and  the  mixture  heated  under  reflux  for  1  hour.  Tlie  suspension  after 
cooling  was  saturated  with  carbon  dioxide  until  weakly  alkaline  to  litmus.  The  precipitate  was  filtered  and 
then  digested  twice  witli  50-ml  portions  of  hot  aqueous  ammonia.  The  combined  aramoniacal  extracts  and 
filtrate  was  evaporated  to  dryness.  The  residue  was  dissolved  in  100  ml  of  hot  water,  the  solution  filtered, 
concentrated  to  incipient  crystallization,  and  mixed  with  200  ml  of  acetone,  llte  obtained  precipitate  was 
dissolved  in  75  ml  of  boiling  water,  tlie  solution  mixed  with  200  ml  of  methanol,  and  the  whole  allowed  to 
stand  for  2  days.  We  obtained  9.6  g  (53%)  of  die  amino  acid  widi  m.  p.  199.0-199.5*. 

Polycondensation  of  the  amino  acids  was  run  in  test  tubes  placed  inside  of  glass  sleeves  and  heated  in  a 
Wood’s  metal  bath,  Uirough  which  a  current  of  pure  nitrogen  was  circulated.  The  results  of  some  of  the  poly¬ 
condensation  experiments  are  summarized  in  Table  4. 


SUMMARY 

Tlie  previously  unknown  p-aminoethylphenylacetic,  p-aminoethylphenylpropionic,  p-aminoethylphenyl- 
butyrlc  and  p-aminoethylphenylvaleric  acids  were  synthesized.  TThe  indicated  amino  acids  were  converted  to 
the  polyamides,  containing  benzene  rings  in  die  chain,  and  some  of  their  properties  were  investigated. 


LITERATURE  CITED 

[1]  M.  N.  Bogdanov  and  G.  I.  Kudryavtsev,  Zhur.  Obshchei  Khim.  29,  986  (1959).* 

[2]  M.  N.  Bogdanov,  Zhur.  Obshchei  Khim.  1621  (1958).* 

[3]  E.  N.  Zirbernian,  Zhur.  Obshchei  Khim.  25,  2127  (1955).* 

[4]  P,  Ruggli  and  A.  Businger,  Helv.  Chlm.  Acta  25,  39  (1942). 


*  Original  Russian  pagination.  See  C.  B.  translation. 


286 


ESTERS  OF  AMINOBENZOYLAMIDOPHOSPllORIC  ACIDS 
A.  V.  Kirsanov  and  N.  G.  Feshchenko 

Institute  of  Organic  Qiemistry,  Academy  of  Sciences  of  the  Ukrainian  SSR 
Translated  from;  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp.  267-270,  January,  1960 
Original  article  submitted  January  19,  1959 


Aminobenzolc  acids  and  their  derivatives  have  great  physiological  Importance,  for  which  reason  it  seemed 
of  interest  to  prepare  some  esters  of  aminobenzoylamidophosphoric  acids  in  order  to  study  their  physiological 
properties. 

To  synthesize  the  aminobenzoylamidophosphoric  acid  esters  we  selected  the  following  route: 


NOoCcn4CONn2 
->  NO2CCII4CONIIPOCI2 


±IS}l  N02C6H4CON=PCl3(iJ 

|i)  N02CoIl4CONHPO(OR)2l21 

>  Nii2Ccn4CONHPO(OR)2. 


TABLE  1 


Dimetltyl  and  Diphenyl  Esters  of  Aminobenzoylamidophosphoric  Acids  of  Type 
NH2C6H4C0NHP0(0R)2 


iX 

p 

R 

jRecrystalli-  j 

M.  p. 

2 

3 

0 

u, 

Empirical 

formula 

Calculated 

N  (<7o) 

Solubllltv* 

^1 

2  1 
4)  1 

1 

vent  and 
appearance 

water 

alcohol 

C.H. 

0 

acetone 

0 

GH3 

1 

S2 

Water. 

149-152° 

11.49, 

C0H13O4N2P 

11.48 

+ 

needles 

11.60 

-1- 

“4" 

m 

CII3 

70 

Alcohol, 

125-127 

11.24, 

CnlIi304N2P 

11.48 

+ 

=r 

=s 

prisms 

11.07 

+ 

P 

CII3 

8/1 

Alcohol, 

169-170 

11.32, 

CoHi304N2P 

11.48 

4- 

= 

= 

— 

prisms 

11.23 

0 

Cell.', 

91 

70*70  alcohol 

142-144 

7.52. 

Ci()IIi';04N2P 

7.61 

— 

-1- 

— 

+ 

needles 

7.42 

m 

CsHr. 

91 

7070  alcohol, 

167-169 

7.45, 

Cinn,704N2P 

7.61 

— 

"f* 

_ 

_ 

4- 

needles 

7.43 

4- 

P 

CoH.-; 

97 

Benzene  or 

162-164 

7.52, 

7.61 

+ 

— 

— 

4- 

alcohol. 

7.42 

• 

4- 

1 

prisms 

•  =)  not  soluble  at  the  boiling  point;  — )  difficultly  soluble  at  the  boiling  point;  +) 
difficultly  soluble  at  20*  and  readily  soluble  at  the  boiling  point;  )  readily  soluble  at 
20*.  All  of  tlic  compounds  are  insoluble  in  boiling  ether  and  petroleum  ether. 
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The  dimethyl  and  diphenyl  esters  of  tlte  nitrobenzoylaniidophosphoric  acids  were  obtained  by  the  earlier 
described  procedures  [1,2],  while  their  reduction  to  the  esters  of  the  aininobenzoylamidophosphoric  acids  was 
accomplished  in  alcoliol  solution  using  molecular  hydrogen  and  platinum  catalyst  (sec  [3]). 

The  dimethyl  and  diplicnyl  esters  of  the  amlnobenzoylamldophosphoric  acids  (Table  l)  are  colorless 
crystalline  compounds  of  amphoteric  character,  dissolving  in  dilute  aqueous  solutions  of  alkalies  and  acids  with 
tlte  formation  of  salts,  and  separating  from  such  solutions  in  unchanged  fortn  on  neutralization.  In  aqueous 
alcohol  solutions  tliey  liuatc  witli  alkalies,  using  phcnolphtlialeln  as  indicator,  to  approximately  half  an  equi¬ 
valent. 

To  characterize  tlte  esters  we  used  tlie  Schotten— Baumann  technique  to  prepare  the  benzoyl  derivatives, 
which  are  (Table  2)  comparatively  iiigh-melting  crystalline  compounds  of  acid  character,  titrating  in  aqueous 
alcohol  solutions  In  the  presence  of  phenolphthalein  as  monobasic  acids. 

TABLE  2 


Benzoyl  Derivatives  of  Dimetliyl  and  Diphenyl  Esters  of  Aminobenzoylamidophosphoric 
Acids  of  Type  CcH5CONHCcH4CONHPO(Ol02 


1 

1 

0) 

Sohibility' 

Position  o 

C.HjCONH 

n 

s 

2 

4) 

Appearance 

M.  p. 

Found 

N 

(7o) 

tmpiricai  j 

formula 

0  S 

u  2; 

alcohol 

n 

D 

y 

o-y 

ci.y 

0 

0 

0 

0) 

c 

0 

u 

o 

CHa 

OS 

Needles 

162-164° 

8.07, 

8.08 

CiolIi70sN2r 

8.04 

-f 

-h 

+ 

= 

d- 

m 

CII3 

73 

Prisms 

165-166 

8.06, 

8.00 

CicllivOsNzP 

8.04 

— 

= 

= 

— 

P 

Clin 

04 

Needles 

186-188 

8.14, 

8.08 

C1GII17O5N2P 

8.01 

+ 

= 

■f 

o 

Cell.-, 

06 

Needles 

171-173 

6.22, 

6.33 

C2f,ll2i05N2l’ 

5.93 

= 

+ 

4- 

+ 

m 

Cells 

8G 

Fine 

needles 

182-181 

5.04, 

5.01 

C2oll2lO.-,N2P 

5.93 

— 

r=: 

— 

P 

Cells 

03 

Fine  crys¬ 
talline 
powder 

103-105 

6.10. 

(i.04 

C.,oll2lO.,N2l’ 

5.03 

•  All  of  tlte  compounds  are  insoluble  in  boiling  water  and  etlter,  readily  soluble  in  boiling 
dloxane,  and  difficultly  soluble  in  cold  dioxane. 


EXPERIMENTAL 

Dimetliyl  and  diphenyl  esters  of  aminobenzoylamidophosphoric  acids.  For  the  reduction,  0,01  g-mole 
of  tlie  nitrobenzoylamidophosphoric  acid  diester  was  dissolved  witli  heating  in  50-70  mi  of  alcohol  (the 
same  amount  of  dioxane  was  used  in  the  case  of  tlte  diphenyl  esters  of  m-  and  p-nitrobenzoylamidopliosphoric 
acids)  and  tlien  with  vigorous  stirring  die  solution  was  cooled  in  ice  water  in  order  to  obtain  as  fine  crystals  of 
die  compound  as  possible.  Then  0.25-0.30  g-mole  of  Adams  platinum  oxide  was  added  and  the  reduction 
accompllslied  with  shaking,  using  hydrogen  at  a  pressure  100  mm  in  excess  of  atmospheric.  The  hydrogen  ab¬ 
sorption  went  wldi  noticeable  warming-up  of  die  solution.  The  major  portion  of  the  hydrogen  was  absorbed  in 
1-2  hours,  and  in  some  cases  several  days  were  required  to  absorb  die  last  100-150  ml  of  hydrogen.  The  starting 
compound  gradually  went  into  solution  as  die  reduction  progressed,  and  dien  the  reaction  product  began  to  deposit 
as  a  fine  crystalline  precipitate.  When  the  calculated  amount  of  hydrogen  had  been  absorlicd,  the  hydrogenation 
mixture  was  treated  widi  an  equal  amount  of  alcohol  (or  dioxane)  to  dissolve  all  of  the  reaction  product,  after 
which  the  platinum  was  filtered  and  die  filtrate  was  evaporated  in  vacuo.  Another  procedure  diat  can  be  used 
here  is  to  add  10  ml  of  aqueous  1  N  NaOH  solution  to  die  reaction  mixture  to  dissolve  die  reduction  product. 
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filter  off  the  platinum,  and  then  precipitate  tlie  aminobenzoylatnldophosphorlc  acid  dIester  in  the  filtrate  by 
the  addition  of  5.0  ml  of  2  N  hydrochloric  acid  solution.  The  melting  points,  yields,  analytical  data,  solubility, 
and  crystalline  appearance  of  die  synthesized  compounds  arc  given  In  Table  1, 

Benzoyl  derivatives  of  dimethyl  and  diphenyl  esters  of  aminobenzoylamldophosphoric  acids.  A  solution 
of  0.003  g-mole  of  amlnobenzoylamidophosphorlc  acid  diester  in  3  ml  of  1  N  NaOil  solution  was  treated  with 
3  ml  of  2  N  sodium  carbonate  solution  and  0.0045  g-mole  of  benzoyl  chloride,  and  then  the  mixture  was  shaken 
vigorously  until  the  odor  of  benzoyl  chloride  had  disappeared.  The  liquid  became  warm,  and  die  sodium  salt 
of  the  benzoyl  derivative  deposited  as  a  viscous  oil.  The  mixture  was  dien  treated  with  5  N  hydrochloric  acid 
solution  until  weakly  acid  to  Congo  and  stirred  vigorously.  Tlie  sodium  salt  converted  to  the  free  benzoyl  de¬ 
rivative,  whicli  at  first  was  a  viscous  oil  that  soon  crystallized.  To  remove  benzoic  acid  the  product  was  digested 
3  times  with  small  portions  of  boiling  water  and  then  recrysullized  from  alcohol.  The  analytical  data,  melting 
points,  yields,  solubility,  and  crystalline  appearance  of  the  benzoyl  derivatives  are  given  in  Table  2. 


SUMMARY 

Reduction  of  the  dlesters  of  nltrobenzoylamldophosphoric  acids  with  molecular  hydrogen  in  the  presence 
of  platinum  gave  die  diesters  of  aminobenzoylamidophosphoric  acids. 
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POLY  METH  Y  LENE  CYCLES 

XXXIII.  IIEACTION  OF  DIBENZOSUI3ERAN-6,7-DIONE  WITH  HYDRAZINE 

N.  A.  Domnin  and  R.  Ch.  Kolinskii 
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Translated  from:  Zhurnal  Obshchei  Khimii,  Vol.  30,  No.  1,  pp.  270-275,  January,  1960 
Original  article  submitted  December  30,  1958 


In  a  series  of  papers  on  the  reaction  of  hydrazine  and  dimethylhydrazine  with  cyclic  diketones  one  of  us 
[1]  investigated  the  five-  and  si.x- membered  cyclic  1,2-,  1,3-  and  1,4-diketones.  The  reaction  of  eight-  and 
twelve- mernbered  cyclic  1,2-diketones  with  hydrazine  was  investigated  by  Blomquist  [2]  and  by  Prelog  [3].  The 
reaction  of  hydrazine  with  a  seven- membered  cyclic  1,2-diketone  has  remained  unstudied  up  to  now. 

On  the  other  hand,  all  of  tlie  enumerated  studies  had  as  tlieir  goal  the  problem  of  determining  the  distribution 
of  the  unsaturated  bonds  in  polymetliylcne  cycles,  in  particular,  the  existence  of  polymethylene  rings  containing 
the  uiplc  bond  was  shown  conclusively.  It  was  established  that,  beginning  with  the  eight- membered  ring  and 
higher,  cycles  containing  the  triple  bond  are  capable  of  existence,  but  the  question  of  whether  a  seven- membered 
ring  containing  the  triple  bond  is  capable  of  existence  remained  unanswered  and  was  not  studied  experimentally. 
Even  earlier,  we  had  shown  [4]  that  1,2-cycloheptadiene  is  formed  when  the  triple  bond  is  introduced  into  a 
seven- membered  ring  by  tlie  A.  E.  Favorskii  method.  The  most  probable  explanation  for  its  formation  is  isomeric 
rearrangement  of  the  intermediately  formed  cycloheptyne  witli  a  shift  of  hydrogen  atoms  from  adjacent  methylene 
groups  to  tlie  triple  bond.  In  order  to  eliminate  the  possibility  of  such  an  isomerization,  we  proposed  [5]  to  syn- 
tliesize  the  cycloheptyne  from  a  cyclic  system  in  which  tlie  hydrogen  atoms  of  the  adjacent  methylene  groups  are 
replaced  by  either  methyl  or  phenyl  radicals. 

In  this  paper  we  selected  dibenzosuberan-G,7-dione  or  tricyclo-[15-5,  13-8]-pentadecadiaren-l,8-dione- 
6,7  (1)  [6]  as  tlie  study  topic. 


Diketone  (I)  was  first  obtained  by  Rigaudy  and  Nedclec  [7];  however,  only  the  synthesis  scheme  and  physical 
constants  of  the  compounds  are  given  in  their  paper,  and  nothing  is  said  about  tlie  reaction  conditions.  Consequently, 
the  complete  synthesis  of  tlie  diketone  is  described  in  our  experimental  section.  The  reaction  of  hydrazine  hydrate 
with  diketone  (I)  in  alcohol  solution  gave  monohydrazone  (II),  the  structure  of  which  was  confirmed  by  elemental 
analysis  and  its  hydrolysis  witli  hydrochloric  acid  to  regenerate  diketone  (I). 
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Dibciizosiibcran-6,7-dionc  iiionohydrazonc  (II)  is  a  yellow  compound  and  has  in.  p.  131-132*,  i.c.,  Its  m.  p, Is 
lower  than  ilie  diketonc  (I)  itself.  In  this  respect  it  differs  from  benzil  monoliydrazone,  which  exists  as  white 
crystals  with  m.  p.  130*,  i.e.,  with  a  higher  melting  point  than  that  of  the  corresponding  diketone,  namely 
benzil.  At  first  we  assumed  it  was  possible  for  tlte  tautomeric  diazohydridc  form  (Ila)  to  exist  by  analogy  with 
the  tautomcrism  of  quinone  phenylliydrazoncs.  But  monoliydrazone  (II)  docs  not  give  a  reaction  for  enollc 
hydroxyl  group,  since  it  is  Insoluble  in  alkali  and  fails  to  react  with  an  ether  solution  of  diazomethane,  which 
refutes  such  an  assumption. 

Attempts  to  prepare  the  dibcnzosuberan-6,7-dione  dihydrazone  proved  unsuccessful.  We  reacted  hydrazine 
hydrate  or  anhydrous  hydrazine  witJi  diketone  (I)  or  monoliydrazone  (II)  in  alcoliol  solution,  and  also  in  glacial 
acetic  acid  solution,  heating  for  a  long  time.  Here  the  reaction  was  accompanied  by  much  tar  formation.  Two 
crystalline  compounds  were  Isolated,  which  from  their  nitrogen  content  analyzed  close  to  the  monohydrazone. 

We  were  unable  to  establish  the  structure  of  these  compounds.  In  attempting  to  obtain  the  dihydrazone  by  the 
van  Alphen  procedure  [9]  we  esublished  the  formation  of  the  corresponding  dihydropyrazlne  (iV),  which  re¬ 
mained  unchanged  when  reacted  with  hydrazine. 

Such  properties  for  monohydrazone  (II)  can  be  explained  if  it  is  assumed  that  it  has  a  syn-hydrazone 
structure,  which  is  capable  of  conjugated  hydrogen  bonding  (chelate  ring).  In  support  of  such  a  hypothesis  is 
the  similarity  in  the  properties  of  monohydrazone  (II)  and  camphorquinone  fl -monohydrazone  (III).  Compound 
(III)  is  also  colored  yellow,  melts  at  102*,  i.e.,  lower  than  camphorquinone  (195*),  and  does  not  give  a  di¬ 
hydrazone.  The  syn- configuration  of  monohydrazone  (111)  was  established  by  Han-Qiing  Yuan  [8]. 
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To  explain  deactivation  of  the  carbonyl  group  in  monohydrazones  (II)  and  (III)  we  must  consider  die 
reaction  mechanism  for  the  formation  of  hydrazones. 
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The  first  stage  of  the  reaction  consists  of  die  addition  of  hydrazine  through  the  free  pair  of  electrons  of 
the  amine  group  to  die  positive  center  of  the  polarized  double  bond  of  the  ketone  group.  Cleavage  Of  water  and 
the  formation  of  the  C=N  double  bond  occurs  in  the  second  strge.  The  polarization  of  the  carbonyl  group,  i.e., 
the  magnitude  of  die  positive  charge  on  the  carbon  atom  has  very  great  significance  for  all  of  the  reactions. 

Monohydrazones  (II)  and  (III)  have  a  planar  or  nearly  planar  arrangement  of  the  ketone  and  hydrazone 
groups.  This  creates  favorable  conditions  for  conjugation  of  the  double  bonds  and  the  free  pair  of  electrons 
on  die  nitrogen  atom  in  the  0- position  to  the  ketone  group.  As  a  result  of  conjugation  the  positive  charge  on 
the  carbon  atom  of  die  ketone  group  is  shifted  toward  the  nitrogen  atom  in  die  fl -position.  The  absence  of  a 
positive  charge  on  the  carbon  atom  deactivates  the  ketone  group  and  makes  the  addition  of  a  second  amine 
molecule  impossible. 
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Reaction  of  diketone  (I)  with  dinicthylhydrazine  led  to  an  imexpectcd  result.  We  obtained  a  crystalline 
compound  with  in.  p.  2-15-247*,  wbicli  was  Insoluble  in  the  common  organic  solvents,  rendering  its  purification 
difficult.  This  compound  is  apparently  a  condensation  product  of  several  molecules  of  dlketone  (1),  since  it 
does  not  contain  nitrogen.  We  have  been  unable  to  establish  the  structure  of  this  compound  as  yet. 


EXPERIMENTAL* 

o-Benzoylbenzoic  acid  was  prepared  by  the  Ericdel- Crafts  reaction  from  phthalic  anhydride  and  benzene 
using  anliydrous  AICI3  as  ilie  catalyst.  M.  p.  125-128”.  Yield  95^70  [10]. 

o-Benzylbenzoic  acid  was  prepared  by  the  Barnett  metliod  [11]  by  the  reduction  of  o-bcnzoylbenzoic  acid 
with  zinc  and  ammonia  in  the  presence  of  copper  sulfate  as  the  catalyst.  M.  p.  116-118”.  Yield 

Acid  chloride.  In  a  125- ml  Bunsen  flask  with  a  calcium  chloride  tube  attached  to  the  side  arm  was  placed 
25  ml  of  dry  ctlier,  containing  2  drops  of  pyridine.  The  cooled  mixture  was  treated  with  10  ml  (about  0.15  mole) 
of  tliionyl  chloride  and  20  g  (0.1  mole)  of  o-benzylbenzoic  acid.  The  flask  was  stoppered  and  placed  under  a 
hood  for  30  minutes  at  room  temperature,  with  periodic  shaking.  Then  tlie  mixture  was  heated  for  10  minutes 
on  the  water  bath  to  complete  the  reaction,  tlie  calcium  chloride  removed,  and  vacuum  applied  gradually  to 
remove  the  ether  and  excess  tliionyl  chloride.  Here  the  temperature  should  not  exceed  40”.  After  keeping  under 
complete  vacuum  for  several  minutes,  5  ml  of  dry  benzene  was  added,  and  the  removal  of  the  solvent  by 
distillation  was  repeated.  The  oily  acid  chloride  remaining  in  tlie  flask  weighed  20-23  g.  Yield  95-98*70. 

o- Benzyl- tj-dlazoacetoplienone.  To  an  ether  solution,  containing  9. 5-9. 8  g  (0.23  mole)  of  diazomethane 
[12],  was  added  in  drops  a  solution  of  22  g  (O.l  mole)  of  o-benzylbenzoyl  chloride  in  100  ml  of  ether.  The  flask 
was  protected  wiili  a  calcium  chloride  tube  and  tlien  allowed  to  stand  overnight  at  room  temperature.  The  etlier 
was  vacuum  distilled  to  yield  a  residue  of  yellow  crystals  with  m.  p.  65-67".  Yield  23  g  (95*70). 

Etliyl  ester  of  bcnzylphcnylacetic  acid.  A  charge  of  45  g  (about  0.19  mole)  of  o- benzyl- cj- diazoacetophenone 
and  600  ml  of  anhydrous  alcohol  was  placed  in  a  three- necked  flask  fitted  witli  a  stirrer  and  reflux  condenser. 

After  solution  had  been  obtained  the  whole  was  heated  to  50-60”  and  tlien  silver  oxide,  prepared  by  dissolving  11  g 
of  AgN03  in  90  ml  of  water  and  tlien  adding  a  solution  of  2.6  g  of  NaOH  in  25  ml  of  water,  was  added  in  portions. 
Too  high  an  alkalinity  of  tlie  Ag20  solution  is  to  be  avoided.  The  silver  oxide  was  washed  with  distilled  water 
until  neutral  and  tlien  it  was  waslied  several  times  with  anliydrous  alcohol.  The  silver  oxide  was  added  as  a  sus¬ 
pension  in  alcohol.  Nitrogen  evolution  began  as  soon  as  the  first  portion  was  added.  After  all  of  tlie  silver  oxide 
had  been  added,  the  mixture  was  heated  gradually  to  tlie  boil  and  then  refluxed  for  1  hour.  The  solution  was 
cooled  and  tlie  precipitate  was  filtered.  The  alcohol  was  distilled  off  and  the  ester  was  vacuum  distilled, 
collecting  the  fraction  wiili  b.  p.  140-158*  (0.3  mm).  We  obtained  32  g  of  the  ester  as  a  slightly  yellow  viscous 
liquid. 

Found  C  80.0,  80.2j  H  7.3,  7.4.  C^yHigOz.  Calculated  *70:  C  80.3j  H  7.1. 

o-Benzylphenylacetic  acid.  A  mixture  of  32  g  (0.12  mole)  of  ethyl  o-benzylphenylacetate  and  an 
alcoholic  solution  of  sodium  hydroxide  (30  g  of  NaOH,  30  ml  of  water,  75  ml  of  alcohol)  was  heated  in  a  flask 
under  reflux  for  12  hours.  The  solution  was  tlien  diluted  with  a  large  volume  of  water  and  acidified  with  dilute 
HCl  (1  ;l).  The  precipitate  was  filtered  and  then  recrystallizcd  from  dilute  acetic  acid  (1  g  of  precipitate  per 
3-4  ml  of  60*70  QlsCOOH).  We  oliiaincd  22.5  g  of  white  needles  witli  m.  p.  89-91  ”.  Yield  50*70. 

Dibcnzo-6-suhcrone.  o-Benzylphenylacetyl  chloride  was  prepared  in  the  same  manner  as  o-benzylbenzoyl 
chloride. 

For  the  syntliesis  we  reacted  13.3  g  (0.05  mole)  of  o-benzylphenylacetic  acid  witli  6  ml  of  thionyl  chloride 
in  25  ml  of  etlier.  After  distilling  off  tlic  solvent  we  obtained  14  g  of  Uie  crude  acid  chloride  with  m.  p.  40-42”. 

A  mixture  of  20  g  (0.15  mole)  of  anliydrous  AICI3  and  500  ml  of  dr)'  carbon  disulfide  was  placed  in  a  three¬ 
necked  flask  fitted  witli  a  stirrer,  dropping  funnel, and  reflux  condenser.  A  solution  of  14  g  of  tlie  acid  chloride 


•  Correction  for  tlie  exposed  portion  of  the  thermometer  was  not  made  in  determining  the  boiling  and  melting 
points. 
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ill  100  nil  of  carbon  disulfide  was  added  to  die  mixture.  The  reaction  mixture  was  allowed  to  stand  overnight. 

The  carlmn  disulfide  was  distilled  off  and  the  residue  was  decomposed  with  ice.  The  ketone  was  extracted  with 
ether,  and  the  extract  was  washed  with  water,  10%  caustic  solution,  again  with  water,  and  then  it  was  dried  over 
fused  Na2S(^,i,  followed  liy  removal  of  the  ether  by  distillation.  The  residue  was  vacuum  distilled,  collecting 
the  fraction  with  b.  p.  IGb-lG'/*  (0.3  mm).  We  obtained  about  0  g  of  a  slightly  yellow  oil,  which  crystallized. 
Rccrystallization  from  methyl  alcohol  (3  ml  per  g  of  ketone)  gave  4.G  g  of  white  crystals  with  in.  p.  70-72*. 

Yield  45%. 

Dibenzosuberan-G.T-dione  (1).  A  mixture  of  9.5  g  (0,045  mole)  of  dibcnzo-6-suberone  and  15  ml  of 
glacial  acetic  acid  v/as  charged  into  a  three-necked  flask  fitted  witli  a  stirrer,  reflux  condcnser,and  dropping 
funnel.  A  solution  of  5.55  g  (0.05  mole)  of  selenium  dioxide  in  50  ml  of  acetic  acid  and  3.5  ml  of  water  was 
added  to  tlie  boiling  solution  in  1.5  hours.  The  mixture  was  refluxed  for  8  hours,  allowed  to  stand  overnight, 
and  the  selenium  was  removed  by  filtration.  The  filtrate  was  concentrated  to  a  volume  of  about  10  ml  and  tlien 
cooled.  We  obtained  3.5  g  of  yellow  crystals  with  m.  p.  162-164*,  which  turn  red  when  exposed  to  the  light. 

Here  the  melting  point  does  not  change.  Yield  36%, 

Found  %;  C  80.9,  81.0j  H  4.5,  4.7.  Ci5Hio02-  Calculated  %;  C  81. Ij  H  4.5. 

nie  quinoxaline  was  obtained  by  refluxing  0.2  g  of  the  diketone  with  0.11  g  of  o-phenylenediamine  in 
acetic  acid  for  1  hour.  The  solution  on  cooling  deposited  pale-yellow  needles  witli  m.  p.  229-231*  (from  acetic 
acid). 

Monohydrazone  (II).  The  diketone  (2.2  g{  0.01  mole)  was  dissolved  in  25  ml  of  either  propyl  alcohol  or 
acetic  acid.  A  solution  of  2.0  g  (0.04  mole)  of  hydrazine  hydrate  in  10  ml  of  propanol  was  added  slowly  to  the 
cooled  solution.  The  mixture  warmed  up  and  a  small  amount  of  nitrogen  was  evolved.  The  mixture  was  then 
filtered  and  allowed  to  stand  overnight.  After  this  the  solvent  was  distilled  off  under  a  slight  vacuum  and  yellow 
crystals  were  obtained  when  tire  residue  was  cooled  in  ice.  We  obtained  1.5  g  of  die  monohydrazone  with  m.  p. 
131-132“  (decomp.)  (from  either  alcohol  or  benzene).  Yield  65%. 

Found  %;  C  76.13,  76.02;  H  5.40,  5.29;  N  11.64,  11.67.  CisH^ONj.  Calculated  %:  C  76.27; 

H  5.08;  N  11.86, 

Hydrolysis  of  die  monohydrazone.  A  mixture  of  0.25  g  (0.001  mole)  of  dibenzosuberan-6,7-dione  mono¬ 
hydrazone,  2.5  ml  of  formalin  and  1  ml  of  hydrochloric  acid  (1  ;l)  was  heated  under  reflux  for  2  hours.  Then 
10  ml  of  v/ater  was  added  and  the  obtained  oil  was  separated.  The  oil  was  dissolved  in  a  small  amount  of  alcohol. 
The  obtained  crystals  were  filtered  and  then  recrystallized  from  alcohol.  We  obtained  0.1  g  of  yellow  needles  with 
m.  p.  160-182*.  The  substance  failed  to  depress  the  melting  point  when  mixed  with  the  autlientic  diketone. 

Reaction  of  hydrazine  wdth  dibenzosuberan-6,7-dione  monohydrazone.  A  mixture  of  0.6  g  of  the  mono¬ 
hydrazone  in  6  ml  of  propanol  or  acetic  acid  and  0.5  g  of  hydrazine  hydrate  was  heated  under  reflux  for  2  hours. 
The  hot  solution  was  filtered  to  give  about  20  mg  of  a  wliite  deposit,  which  melted  with  decomposition  around 
280  “.  Tlie  deposit  was  insoluble  in  the  common  organic  solvents  and  was  not  investigated  further. 

The  alcohol  solution  was  vacuum  distilled  and  tlte  residue  was  placed  in  a  desiccator.  After  several  days 
white  needles  deposited  from  the  tarry  residue.  We  obtained  0.1  g  of  product  witlt  m.  p.  202-204*  (from  alcohol). 

Found  %:  C  77.67;  H  7.20;  N  11.73,  11.50. 

'Die  same  substances  were  obtained  when  the  diketone  was  heated  with  either  hydrazine  hydrate  or 
anhydrous  hydrazine  and  when  tlie  monohydrazone  was  heated  witli  anhydrous  hydrazine. 

Reaction  of  diazomethane  with  dibenzosuheran-6,7-dione  monohydrazone.  To  0.22  g  (0.001  mole)  of  die 
monohydrazone  in  10  ml  of  alcohol  was  added  5  ml  of  an  ether  solution  containing  0.17  g  (0.02  mole)  of  dlazo- 
mediane.  Gas  evolution  was  not  observed.  The  solution  was  allowed  to  stand  overnight  at  room  temperature, 
after  which  the  ether  was  distilled  off  and  from  die  residue  we  obtained  0.1  g  of  yellow  crystals  with  m.  p. 
128-130*,  which  failed  to  depress  the  melting  point  when  mixed  widi  the  authentic  monohydrazone. 

Reaction  of  dimethylhydrazine  with  dibenzosuberan-6,7-dlone.  A  solution  of  1.0  g  of  pure  dimethyl- 
hydrazine  in  5  ml  of  alcoliol  was  added  to  a  solution  of  0.9  g  of  diketone  (1)  in  10  ml  of  alcohol.  The  solution 
warmed  up,  and  on  cooling  deposited  0.3  g  of  crystals.  The  solvent  was  vacuum  distilled  to  give  an  additional 
0.2  g  of  crystals. 
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The  substance  is  soluble  only  in  pyridine,  so  it  was  dissolved  in  pyridine  and  precipitated  witli  alcohol. 

We  obtained  0.1  g  of  pale -y  ellow  crystals  witli  m.  p.  2‘l7-248“  (decoinp.). 

Found  T-o:  C  79.53,  79.51j  H  4.81,  5.0G. 

Dumas  analysis  indicated  tliat  nitroj’en  was  absent. 

Diliydropyrazine  (IV).  A  mixture  of  0.45  g  (0.002  mole)  of  the  diketone,  0.20  g  (0.0025  mole)  of 
etliylcnediamine  and  5  ml  of  alcohol  was  heated  under  reflux.  The  solution  was  treated  with  animal  charcoal, 
filtered,  and  die  filtrate  poured  into  water.  The  precipitate  was  filtered  and  recrystallized.  We  obtained  0.25  g 
of  yellow  crystals  with  m.  p.  130-133“  (from  alcohol). 

Found  yo:  N  11.60,  11.55.  Ci7Hi,jN2.  Calculated ‘’/o;  N  11.38. 

Reaction  of  hydrazine  witli  diliydropyrazinc  (IV).  A  mixture  of  0.2  g  of  tlie  pyrazine,  0.2  g  of  hydrazine 
hydrate,and  2  ml  of  alcohol  v/as  heated  under  reflux  for  24  hours.  The  solution  was  pouted  into  water  and  tlie 
precipitate  was  filtered.  After  recrystallization  we  obtained  0.1  g  of  yellow  crystals  with  m.  p.  128-130“  (from 
alcohol),  wliich  failed  to  depress  the  melting  point  when  mixed  with  autlicntic  diliydropyrazinc  (IV). 


SUMMARY 

1.  Conditions  were  worked  out  for  die  synthesis  of  dibenzosuberan-6,7-dione. 

2.  The  monohydrazone  and  the  diliydropyrazinc  of  dibenzosuberan-6,7-dione  were  obtained  for  the  first 
time.  The  structure  of  the  monohydrazone  was  established  and  it  was  proposed  to  have  die  syn- configuration. 

3.  It  was  shown  diat  dimethylhydrazine  does  not  give  a  derivative  with  dibenzosuberan-6,7-dione,  but 
instead  causes  die  condensation  of  die  latter. 

4.  It  was  sliown  diat  dibenzosuberan-6,7-dione  does  not  form  die  dihydrazone,  which  is  explained  by 
the  presence  of  hydrogen  bonding  with  conjugation  (chelate  ring). 
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The  chain  reactions  of  mercuric  acetate  with  cyclohexyl  1,1-diacetyldihydroperoxide  (I)  and  benzoyl 
peroxide  (II)  were  described  by  us  earlier  [1].  In  this  paper  we  studied  the  effect  of  temperature,  the  medium, 
and  tlie  initiator  on  the  course  of  the  cliain  reaction,  and  we  also  compared  the  ability  of  the  methyl  and  phenyl 
radicals  to  Initiate  tire  chain  radical  decomposition  of  mercuric  acetate.  As  convenient  and  relatively  safe 
generators  of  the  free  methyl  and  phenyl  radicals  we  used  peroxides  (I)  and  (II). 

Reaction  of  mercuric  acetate  with  tire  two  peroxides  was  investigated  in  acetic  acid  at  80*  ±  0.5*  and 
97-98*,  in  benzene  at  80*,  and  in  benzene  containing  acetic  acid,  also  at  80*.  In  all  of  the  experiments  we 
used  0.03  mole  of  mercuric  acetate  and  100  ml  of  solvent.  The  amount  of  initiator  was  varied.  The 
composition  of  the  evolved  gases  was  investigated.  The  gases  were  found  to  conrain  COj,  and  CjHj. 

The  methylmercury  salts  were  obtained  in  95-98%  yield  when  peroxide  (I)  was  used  to  initiate  the  chain 
reaction.  To  obtain  yields  of  tliis  order  in  acetic  acid  at  80*  required  using  0.01  mole  of  peroxide  (I)  (Expts.  3 
and  4).  The  yield  dropped  to  30-36%  (Expts.  1  and  2)  wiien  only  0.005  mole  of  peroxide  (I)  was  used  under  these 
conditions,  hr  acetic  acid  at  97-98*  tire  use  of  0.005  mole  of  peroxide  (I)  gave  CHsHgX  in  94.3%  yield  (Expt.  5), 
while  with  0.01  mole  of  pero.\ide  (I)  tire  yield  was  practically  quantitative  (Expt.  6). 

When  tire  experiment  was  run  in  benzene  even  0.01  mole  of  peroxide  (I)  gave  only  a  75%  yield  of  CH3HgX 
(Expt.  9).  The  addition  of  even  1.0  ml  of  acetic  acid  to  the  benzene  raised  the  yield  to  86.5%,  while  with  10  ml 
of  acetic  acid  the  yield  of  metliylmercury  compounds  was  practically  quantitative  (Expts.  10-12). 

The  yield  of  the  other  reaction  products  is  also  strongly  dependent  on  tire  experimental  conditions.  In 
acetic  acid  at  80*,  using  0.005  mole  of  peroxide  (l),  tire  amount  of  starting  mercury  salt  recovered  unchanged 
from  tire  reaction  was  57-60%.  In  agreement  with  tlrls,  tire  yield  of  CO2  was  0.0071-0.0074  mole,  of  metlrane 
0.0004  mole,  and  of  mercurous  acetate  3.21%,  based  on  mercury  salt  taken  (Expts.  1  and  2).  With  0.01  mole 
of  peroxide  (I)  tire  reaction  already  went  to  completion:  tire  starting  salt  was  absent  in  the  reaction  products. 

The  yield  of  CO2  increased  nearly  4  times,  that  of  methane  increased  11-12  times  (Expts.  3  and  4),  while  the 
yield  of  mercurous  salt  decreased  to  1.16-1.29%.  At  97-98*,  the  starting  salt  was  absent  in  the  reaction  products 
even  at  0.005  mole  of  peroxide  (1),  while  wltlr  0,01  mole  tire  mercurous  salt  was  also  absent  from  the  reaction 
products.  Increasing  the  amount  of  peroxide  (I)  under  these  conditions  also  affected  the  yield  of  gaseous  products, 
but  not  as  strongly  as  at  80*.  In  benzene  the  inrreacted  mercury  salt  (14.6%)  was  present  In  tlie  reaction  products 
even  at  0.01  mole  of  peroxide  (I)  (Expt.  9);  the  yield  of  mercurous  acetate  was  7.7%.  The  addition  of  1.0  ml 
of  acetic  acid  to  the  benzene  reduced  the  yields  of  mercurous  and  mercuric  acetates  approximately  to  half,  while 
botli  acetates  were  absent  in  the  reaction  products  when  10  ml  of  ai3CCX)H  was  added  to  Uie  benzene.  The 
addition  of  acetic  acid  was  practically  without  effect  on  the  yield  of  gaseous  reaction  products.  It  is  interesting 
that  tlte  yield  of  etlxane  (Expts.  1-12)  was  independent  of  tlte  amount  of  peroxide  (I),  but  did  depend  on  the 
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medium  and  the  temperature.  We  did  not 
investigate  die  transformations  of  the  cyclo¬ 
hexyl  radical  of  peroxide  (l)i  here  only  an 
oil  was  isolated,  wliich  gave  a  positive  test 
for  tlie  double  bond  widi  bromine  water  and 
witli  alkaline  KMnO^  solution. 

To  study  the  ability  of  phenyl  radicals 
to  cause  chain  decarboxylation  of  the  salt  we 
investigated  the  reaction  of  mercury  acetate 
widi  benzoyl  peroxide  (ll).  The  highest  yield 
(95.5'’/'’)  of  rnediylmercury  compounds  was 
obtained  in  acetic  acid  at  97-98“  and  using 
0.005  mole  of  peroxide  (II).  When  the  amount 
of  peroxide  (II)  was  increased  under  diese  con¬ 
ditions  die  yield  of  rnediylmercury  compounds 
decreased,  with  a  simultaneous  increase  in 
the  yield  of  phenylmercury  compounds  (Expts. 
15-17). 

At  80"  in  acetic  acid  die  yield  of 
CH3HgX  was  practically  the  same  using 
either  0.005  or  0.01  mole  of  peroxide  (II), 
and  was  82.0-83.8‘7o  (Expts.  13  and  14).  In 
benzene  widi  0.005  mole  of  peroxide  (II)  die 
yield  was  40.370.  The  addition  of  10  ml  of 
CH3COOH  to  the  benzene  raised  the  yield  to 
64.77o.  Widi  0.01  mole  of  peroxide  (II)  in 
benzene  die  yield  of  rnediylmercury  compounds 
was  707o  (Expt.  20). 

Phenylmercury  compounds  were  found 
in  die  reaction  products  in  all  of  die  experi¬ 
ments  using  peroxide  (II).  Their  yield  depends 
both  on  the  amount  of  peroxide  (II)  and  the 
experimental  conditions.  Widi  equal  amounts 
of  die  peroxide,  die  yield  of  phenylmercury 
compounds  in  acetic  acid  at  97-98*  is  higher 
than  at  80"  and  in  benzene  it  is  higher  dian 
in  acetic  acid.  With  a  large  excess  of  peroxide 
(II)  when  compared  to  die  mercury  acetate 
(Expt.  17)  the  yield  of  phenylmercury  com¬ 
pounds  was  G0  7o,  based  on  die  mercury  salt. 
However,  a  substantial  amount  (39.1 7o)  of 
mediylmercurv  compounds  was  also  formed 
in  this  experiment;  this  indicates  that  the 
phenyl  radical,  formed  from  peroxide  (II), 
and  die  methyl  radical,  arising  in  die  decom¬ 
position  of  die  mercury  acetate  molecule, 
possess  an  approximately  equal  ability  to 
continue  the  chain  reaction.  Tlie  original 
salt  was  absent  in  die  reaction  products  In  all 
of  die  experiments  using  peroxide  (II)  in 
acetic  acid.  Widi  0.005  mole  of  peroxide  (II) 
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in  benzene  Uie  amount  of  original  sal)  remaining 
unchanged  was  34.4"/o  (Expi.  18);  however,  the 
addition  of  10  ml  of  CHjCOOII  to  tlie  benzene  or 
using  0.01  mole  of  peroxide  (II)  caused  die  reaction 
to  go  to  completion,  and  mercuric  acetate  was 
absent  In  the  reaction  products  (Expts.  19  and  20). 
The  yield  of  mercurous  acetate  in  acetic  acid 
decreased  with  increase  in  the  amount  of  peroxide 
(II)  and  with  increase  in  the  temperauirc  (Expts. 
13-lG).  At  tlie  same  time  the  yield  of  CO2  in¬ 
creased  from  0.0213  to  0.0368,  while  die  yield 
of  methane  increased  from  0.0019  to  0.0057  mole. 
The  yield  of  mercurous  acetate  in  benzene  was 
substantially  higher  than  in  acetic  acid. 

In  addition  to  die  enumerated  reaction 
products,  we  Lsolated  biplienyl  and  benzoic  acid, 
while  in  acetic  acid  medium  it  was  shown  diat 
benzene  is  formed.  These  products  are  customary 
in  die  decomposition  of  benzoyl  peroxide.  The 
yield  of  biphenyl  was  higher  in  benzene  dian  in 
acetic  acid,  due  to  reaction  of  tlie  phenyl  radical 
widi  benzene.  When  Expts.  9-12  and  18-19  are 
compared,  it  can  be  seen  that  the  addition  of  small 
amounts  of  acetic  acid  to  die  benzene  favors  a 
more  complete  progress  of  the  cliain  reaction  and 
increases  the  yield  of  organoinetallic  compounds. 
This  phenomenon  can  probably  be  explained  by 
the  fact  that  the  acetoxy  radical  CH3COO*,  taking 
part  in  uie  reaction,  reacts  with  the  acetic  acid, 
resulting  in  the  estafetie  regeneration  of  tlie  acetoxy 
radical  [21.  This  increases  die  rate  of  transfer  of 
the  CH3GOO*  radical  into  the  reaction  zone  and, 
as  a  result,  favors  progress  of  the  chain  decom¬ 
position  of  tlie  mercury  acetate. 


The  curves  for  the  evolution  of  gas  during 
the  course  of  reaction  under  different  conditions 
are  showm  in  Figs.  1  and  2.  The  general  shape 
of  die  curves,  wiili  the  exception  of  curves  18-20 
in  Fig.  2,  is  quite  similar:  all  of  diem  show  a 
distinct  linear  portion,  where  die  rate  of  gas 
evolution  is  constant.  For  these  sections,  we 

AVft 

calculated  die  value  of  - in  milliliters  per 

Ar  ^ 

minute,  characterizing  die  rate  of  gas  evolution 
in  the  given  experiment.  In  die  case  of  curve  1  * 


(Fig.  1),  the  linear  portion  is  small,  and 


is 


equal  to  a  total  of  only  1.85  ml/minj  the  amount 
of  evolved  gas  is  also  small.  This  corresponds  to 
Incomplete  reaction  in  Expt.  1  (57.3'’/o  of  the 


he  numbering  of  the  curves  corresponds  to  the  numbering  of  the  experiments;  die  curves  of  the  duplicate 
erimcnis  (Nos.  2,  4,  9,  etc.)  are  not  given. 

Relay. 


297 


starting  salt  failed  to  react).  Increasing  the  amount  of  peroxide  (I)  under  these  conditions  (acetic  acid,  80") 

AVq 


to  0.01  mole  leads  to  increasing  the  value  of 


A  T 


to  11.0  ml/ min;  in  this  experiment  tlie  reaction  goes  to 


completion  (Curve  3).  Tlie  total  amount  of  gas  evolved  when  mercury  acetate  is  reacted  with  peroxide  (I)  in 
acetic  acid  at  97-98*  was  studied  by  us  earlier  [1],  In  tlie  present  paper,  we  investigated  the  evolution  of 
saturated  hydrocarbons  under  these  conditions  (i'ig.  l).  Linear  sections  can  l-»e  seen  on  the  obtained  curves  5  and 
6,  Indicating  tliat  tlie  formation  of  hydrocarbons  occurs  not  only  as  die  result  of  die  decomposition  of  peroxide 


Fig.  1.  Reaction  of  mercury  acetate  widi  peroxide  (I);  a)  total 
amount  of  gas  evolved  in  acetic  acid  at  80  *  (Curves  1  and  3); 
b)  amount  of  saturated  hydrocarbons  evolved  in  acetic  acid  at 
97-98“  (Curves  5  and  6);  c)  total  amount  of  gas  (Curves  7  and 
11)  and  hydrocarbons  evolved  (Curves  8  and  12)  in  benzene 
(Curves  7  and  8)  and  in  benzene  containing  acetic  acid  (Curves 
11  and  12). 


(I),  but  also  as  die  result  of  the  chain  reaction  of  die  decarboxylation  of  mercury  acetate.  This  conclusion  is, 
supported  by  die  formation  of  methane  and  ethane  in  the  experiments  widi  benzoyl  peroxide  (II),  which  does 
not  give  Clls*  radicals  in  its  decomposition  (see  Table  2).  Figure  1  shows  the  effect  of  adding  acetic  acid 
on  the  total  amount  of  gas  evolved  (Curves  7  and  ll)  and  on  die  liberation  of  hydrocarbons  (Curves  8  and  12) 

when  mercurv'  acetate  is  reacted  with  peroxide  (I)  hi  benzene.  The  values  of  — ^  for  these  curves  are  given 

A  r 

in  Table  1.  From  Fig.  2,  it  can  be  seen  diat  when  merciuy  acetate  is  reacted  with  peroxide  (II)  in  acetic  acid 
at  80  *  the  evolution  of  gas  does  not  start  immediately,  but  only  after  the  lapse  of  1  to  1.5  hours  (Curves  13  and 
14).  The  sliapc  of  the  curves  permits  assuming  diat  under  these  conditions  the  reaction  goes  autocatalytically. 
Such  an  induction  period  is  absent  at  97-98*,  and  here  reaction  begins  mimediately  after  adding  die  initiator. 
The  reaction  rate  is  considerably  higher  at  97-98*  dian  at  80  “  (compare  Curves  13  and  15,  and  14  and  16). 
When  mercury  acetate  is  reacted  with  peroxide  (II)  in  benzene  die  linear  portion  on  die  curves  for  gas  evolution 

AVq 


is  absent  (I’ig.  2);  for  dils  reason  die  value  of 


At 


was  not  calculated  for  these  curves.  A  comparison  of 


Curves  18  and  19  reveals  diat  under  diese  conditions  the  addition  of  acetic  acid  promotes  more  vigorous  progress 
of  die  reaction.  From  a  comparison  of  Curves  1  and  3,  5  and  G  (Fig.  l),  13  and  14,  15  and  16,  and  18  and  20 
(Fig.  2),  it  is  obvious  that  increasing  die  amount  of  initiator  leads  to  Increasing  the  reaction  rate  and  to  an 
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Increase  in  tlie  volume  of  gas  evolved.  In  some  of  die  experiments,  this  also  leads  to  more  complete  reaction 
and  to  an  Increase  in  the  yield  of  organomctallic  compounds  (see  Tables  1  and  2). 


Fig.  2.  Reaction  of  mercury  acetate  wltli  peroxide  (II);  a) 
total  amount  of  gas  evolved  in  acetic  acid  at  80*  (Curves 
13  and  14);  b)  total  amount  of  gas  evolved  in  acetic  acid 
at  97-98“  (Curves  15  and  16)j  c)  total  amount  of  gas 
evolved  in  benzene  (Curves  18  and  20)  and  in  benzene  con¬ 
taining  acetic  acid  (Curve  19). 


EXPERIMENTAL 


In  our  work  we  used  c.  p.  acetic  acid  without  further  purification.  The  analytically  pure  benzene  was 
purified  from  thiophene  and  distilled  over  sodium.  The  "pure"  mercuric  acetate  was  wasiied  with  benzene  and 
then  dried  in  the  dark. 

Found 'fo;  Hg  62.82,  63.05.  C4Hg04Hg.  Calculated ‘/o;  Hg  62.96. 

Cyclohexyl  1,1-diacetyldihydroperoxlde  (peroxide  I)  was  prepared  by  tlie  method  of  [3]  and  had  m,  p. 
73*.  According  to  [4],  the  formula  assigned  to  this  compound  is 


,0— OCOCH3 
•O-OCOCH3 


Benzoyl  peroxide  was  prepared  and  purified  by  the  method  of  [5].  lodometric  titration  by  die  method  of 
[6]  indicated  tliat  the  pero.xldc  had  a  purity  of  98-93.5‘yo.  iTie  reaction  was  run  in  tlie  apparatus  described  by  us 
earlier.  The  accumulation  of  gases  in  tlie  burets  was  measured  at  regular  time  Intervals.  To  study  the  rate  with 
which  tlie  saturated  hydrocarbons  are  liberated,  we  used  a  KOH  absorption  tube,  and  when  determining  the  total 
amount  of  gas  evolved  we  disconnected  the  KOH  absorption  tube.  Heating  and  stirring  of  the  reaction  mass  was 
continued  until  the  evolution  of  gas  ceased.  At  the  end  of  experiment,  tlie  system  was  blown  with  air  that  had 
been  freed  of  CO2  and  moisture,  the  same  as  was  described  earlier  [1].  The  collected  gas  was  analyzed  in  the 
same  manner  as  described  in  [1].  The  melting  points  of  the  compounds  isolated  from  tlie  reaction  products  were 
verified  by  taking  tlie  mixed  melting  points  witli  the  pure  materials. 

1.  Reaction  of  mercury  acetate  witli  cyclohcxyl  1,1-diacctyldiliydroperoxide  (I)  in  acetic  acid  at  80*  t 
i  0.5*  and  97-98*  (Table  1,  Fig.  1,  Curves  1  and  3,  and  5  and  6).  A  solution  of  jxiroxide  (l)  in  25  ml  of 
acetic  acid  was  added  rapidly  to  a  hot  mixture  of  9.6  g  (0.03  mole)  of  mercuric  acetate  and  75  ml  of  acetic  acid. 
The  reaction  time  at  80*  was  5  lioius,  and  at  97-98*  it  was  2  hours.  Then  the  reaction  mass  was  cooled  and  the 
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precipitate  of  mercurous  acetate  was  separated  (tests  with  Kl,  KGl,  NH4OH).  The  acetic  acid  was  distilled  from 
the  filtrate,  'i'he  uiireactcd  mercuric  acetate  was  separated  from  tlie  mcthylmerciiry  acetate  by  treatment  of  tlie 
residue  with  cold  benzene,  and  tiien  the  methylmcrcury  acetate  was  isolated  from  the  benzene  solution  by  ex¬ 
traction  with  water;  treatment  of  the  water  extract  with  KI  gave  a  precipitate  of  Cll3Hgl,  m.  p.  143-144*  (from 
alcohol  or  ether).  The  benzene  solution  from  the  water  wash  was  evaporated  in  a  dish;  the  residue  was  an  oil 
(approximately  0.1  g),  which  gave  a  positive  test  for  the  double  bond  with  bromine  water  and  with  KMnO^ 
solution.  The  oil  was  not  investigated  further. 

2.  Reaction  of  mercury  acetate  with  peroxide  (I)  in  benzene  and  in  mixtures  of  benzene  wdth  acetic  acid 
at  80*  (Talde  1,1'ig.  1,  Curves  7  and  8,  and  11  and  1 2).  A  solutfon  of  2.32  g  (0.01  mole)  of  peroxide  (1)  in 
25  ml  of  benzene  was  added  rapidly  to  a  boiling  mixture  of  9.0  g  (0.03  mole)  of  mercury  acetate  and  75  ml  of 
benzene  (acetic  acid  was  added  to  the  mixture  in  some  of  tlie  experiments).  The  reaction  time  was  7.5-8  hours 
in  the  experiments  wititout  the  addition  of  acetic  acid  and  6.5-7  hours  in  the  experiments  witli  the  addition  of 
acetic  acid.  A  mixture  of  mercuric  and  mercurous  acetates  separated  from  tlie  reaction  mass  on  cooling.  This 
precipitate  was  filtered  and  the  metliylmercury  acetate  was  isolated  from  tlie  benzene  solution  by  extraction 
witli  water;  treatment  of  die  water  extract  with  KI  gave  CH3Hgl  with  m.  p.  143-144*  (from  alcohol  or  ether). 

The  benzene  was  distilled  from  the  water-washed  benzene  solution  to  give  an  oil  (1-1.5  g)  as  residue,  which 

gave  a  positive  test  for  the  double  bond  with  bromine  water  and  with  KMJ1O4  solution.  The  oil  was  not  investigated 
further. 

3.  Reaction  of  mercury  acetate  with  benzoyl  peroxide  (II)  in  acetic  acid  at  80°  f  0.5°  and  97-98* 

(Table  2,  Fig.  2,  Curves  13,  14,  15,  and  16).  A  small  cartridge  was  used  to  add  tlie  weighed  amount  of  peroxide 
(II)  to  the  liot  mixture  of  9.6  g  (0.03  mole)  of  mercury  acetate  and  100  ml  of  acetic  acid.  The  reaction  was 
run  for  7-8  hours  at  80°  and  for  2-2.5  hours  at  97-98°.  At  80°  tlic  evolution  of  gas  began  only  after  approxi¬ 
mately  1.5  hours  from  die  time  of  adding  the  peroxide.  The  reaction  mass  was  cooled  and  tlie  precipitate  of 
mercurous  acetate  was  separated.  The  acetic  acid  was  removed  by  distillation  from  tlie  acetic  acid  solution. 

The  residue  was  dissolved  in  benzene.  The  above-dcscrilied  method  was  used  to  isolate  tlie  metliylmercury  de¬ 
rivatives  (ol)tained  as  the  iodide,  m.  p.  143-144°)  from  die  benzene  solution.  The  benzene  was  distilled  from 
die  water- washed  benzene  solution.  Tlie  residue  was  treated  with  KCl,  and  the  mixture  was  steam  distilled. 
Pheiiylrnercury  chloride,  ni.  p.  253-254*  (from  acetone),  was  isolated  from  die  still  residue.  The  steam  distillate 
was  made  alkaline  and  die  biphenyl  was  filtered  off;  m.  p.  68-69°.  The  aqueous  filtrates  from  the  steam 
distillate  and  the  still  residue  were  evaporated  and  then  acidified  to  give  benzoic  acid;  m.  p.  120°  (from  water). 
In  some  of  the  experiments  the  filtrate  from  the  reaction  mass  was  distilled  until  about  20  ml  of  distillate  had 
been  collected.  This  distillate  vs'as  diluted  with  water  and  die  solution  was  extracted  with  CCI4.  The  extract 
was  nitrated.  Removal  of  the  CCI4  gave  a  residue  of  m-dinitrobenzene  widi  ni.  p.  89-90°  (from  alcohol).  An 
acetone  solution  of  die  compound  gave  a  violet  color  when  treated  with  KOH.  Unreacted  mercuric  acetate  was 
absent  in  the  reaction  products. 

4.  Reaction  of  mercury  acetate  with  peroxide  (II)  in  benzene  and  In  mixtures  of  benzene  with  acetic  acid 
at  80°  (Table  2,  Fig.  2,  Curves  18,  19,  and  20).  A  solution  of  pero.xide  (ll)  in  25  ml  of  benzene  was  added 
rapidly  to  a  boiling  mixture  of  9.6  g  (0.03  mole)  of  mercury  acetate  and  75  ml  of  benzene  (10  ml  of  CH3COOH 
was  added  in  some  of  the  experiments).  Tlie  reaction  was  run  for  10.5-11  hours  widiout  the  acetic  acid  and 
7.5-8  hours  when  acetic  acid  was  present.  The  reaction  mass  was  cooled  and  die  precipitate  w'as  separated. 

This  precipitate  was  analyzed  for  the  amount  of  mercurous  and  mercuric  salts.  From  the  benzene  solution,  using 
die  above-described  mediod,  we  isolated  die  methyl-  and  pheiiylrnercury  compounds,  biphenyl,  and  benzoic  acid. 


SU  MMARY 

1.  A  study  was  made  of  die  reaction  of  mercuric  acetate  witli  cyclohexyl  1,1-diacetyldiliydtoperoxide  and 
benzoyl  peroxide  in  acetic  acid,  benzene,  and  dicir  mixtures. 

2.  It  was  sliown  that  increasing  die  amount  of  initiator  and  raising  die  temperature,  and  also  having  acetic 
acid  present  in  die  reaction  mixture,  all  favor  reaction  progress. 

3.  The  composition  of  die  evolved  gas  was  investigated;  it  was  shown  diat  in  all  cases  the  gas  was  composed 
of  carbon  dioxide,  methane, and  ethane. 
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As  the  Investigations  of  a  number  of  authors  [1]  have  shown,  the  introduction  of  cytotoxic  groupings  into 
amino  acids  can  exert  a  favorable  effect  on  the  antitumor  properties  of  die  resulting  products.  Such  a  product 
that  has  found  successful  use  is  sarcolysin  {p-[bis(2-chloroethyl) amino]  phenylalanine}.  On  die  other  hand, 
replacing  die  hydrogen  atom  in  the  phenolic  hydroxyl  of  tyrosine  by  die  p-bls(2-chloroethyl)aminophenyl 
grouping  leads  to  a  completely  inactive  product  [2J. 

In  order  to  compare  antitumor  properties,  it  seemed  of  interest  to  us  to  synthesize  some  a- amino  acids 
containing  as  substituents  dlediyleniminotriazine  compounds  of  the  type  of  (I),  (11),  and  (III),  all  being  analogs 
of  2,4,6- triethyleiiimino-s-triazine  (TET),  a  product  used  in  die  treatment  of  leucoses,  but  having  a  high  toxicity. 


CII2-CII2 

\n/ 


cn2-cn2 

\n/ 


S-X-^  S-Clla-CIlCOOGIla 


N 

/  \ 

CH2— GHz 

(I)  X  =0;  (II)  X  t=NH 


N 

N 

/  \ 

CIlz-CHz 

(III) 


G— GOOR' 
'  NIIGOGHg 


The  condensation  of  die  sodium  salt  of  die  methyl  ester  of  N- formyl- L- tyrosine  with  2-chloro-4,6- 
diediylenlmino-s-triazine  in  anhydrous  medium  gave  the  methyl  ester  of  a-N-formyl-0-(4,6-dlethylenimino- 
s-triazln- 2-yl)- L- tyrosine  (I,  R  =  CIMO)  in  40%  yield.  In  a  similar  manner  the  methyl  ester  of  N-acetyl-L- 
tyrosine  was  converted  to  die  corresponding  acetyl  derivative  (1,  R  =  a43CO)  in  26.5%  yield.  Varying  die  acyl 
group  seemed  of  interest  in  view  of  die  fact  diat  the  N- formyl  and  N-acetyl  derivatives  of  sarcolysin  are  quite 
different  in  their  activity  [3]. 

Synthesis  of  die  methyl  ester  of  a-N-acetyl-p-(4,0-diethyleniniino-s-triazin-2-yl)amino-DL-phenylalanlne 
(II,  R  =  CU3C0)  was  accomplished  by  the  scheme: 
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P-02N(:on4cn3  — >  p-o..Nr.,;ii,(:H2nr 


N.K  (NllC()CM,)((:o()(  ,tU), 


->  p-02N(:t'l4f:il2(:(NMCOCIl3)(COOC2H.,)2 

(IV) 

p  02NC,5ll4Cll2Cll(iN’MC0Cll3)C001I  “^7^  p-02NCcli4Cn2CII-C00Cn3 


(V) 


Cl 


(VI)  NIICOCII3 
!  H.(NI) 


^-NIICoM^CHzCII-COOCIIa  p-H2NCr,ll4CH2CII-(:OOCIl3 

(Viii)  NIICOCII3  NIICOCII3 

Cl  I 

j^2((:n,),Nll 

(II)  (H^-GH.CO) 


Saponification  of  tlie  diethyl  ester  of  p-nitrobenzylacetamidonialonic  acid  (IV)  with  aqueous  caustic 
enabled  us  to  cleave  both  ester  groups  at  the  same  time,  leaving  the  acetyl  grouping  untouched.  The  tlius 
obtained  N-acetyl-p-nitrophenylalanine  (V)  was  esterified  with  methyl  alcohol  in  the  presence  of  dry  hydrogen 
chloride,  and  the  obtained  ester  (VI)  was  hydrogenated  over  skeletal  nickel.  Attempts  to  condense  amino  ester 
(VII)  directly  wiUi  2-chloro-4,6-diethylenimino-s-triazine  proved  unsuccessful.  Consequently  (VIl)  was  con¬ 
densed  wltli  cyanuric  chloride  and  tlte  obtained  dichlorotriazine  derivative  (VIII)  by  reaction  with  ethylenimine 
and  triethylamine  was  converted  to  (II,  R  =  CH3CO).  The  yields  in  tlte  different  synthesis  steps  range  from  40 
to  60*70. 

The  condensation  of  2-chloro-4,6-diethylenimino-s-triazine  with  potassioacetamidomalonic  ester  gave  the 
diethyl  ester  of  N-acetamido-(4,6-diethylenimino-s-triazin-2-yl)malonic  acid  (III,  R  =  CCX)C2H5,  R*  =C^5), 
but  we  were  unable  to  saponify  and  decarboxylate  tliis  compound  to  (III,  R  =  R*  =  H). 

The  results  of  the  biological  testing  *  of  compounds  (I,  R  =  CHO),  (I,  R  =  CH3CO),  (II,  R  =  CH3CO),  and 
(III,  R  =  COOC2H5,  R’  =  C2H5)  will  be  published  separately. 

EXPERIMENTAL 


1.  The  methyl  ester  of  L- tyrosine  was  obtained  by  the  Fischer  method  [4],  m.  p.  132.5-134*  (m.  p.  135  to 
1 36  *[4]). 

2.  Methyl  ester  of  N- formyl- L- tyrosine.  A  mixture  of  57  ml  of  85*70  HCOOH  and  19  ml  of  (CH3C0)20 
was  added  to  5  g  of  metliyl  L-tyrosinate.  The  mixture  was  cooled  to  30*  and  allowed  to  stand  for  30  minutes. 

Then  the  excess  HCOOH  and  (CH3C0)20  were  vacuum  distilled  at  a  batli  temperature  not  above  65*.  The 
residue  was  dissolved  in  50  ml  of  ethyl  acetate  and  tlte  solution  was  washed  once  with  a  mixture  of  5  ml  of 
concentrated  HCl  and  20  ml  of  saturated  NaCl  solution,  and  6  times  (until  neutral)  with  15-ml  portions  of 
saturated  NaCl  solution.  The  solution  was  dried  over  and  the  solvent  was  distilled  off.  Yield  3.3  g 

(57*70).  M.  p.  141-141.5*  (from  ethyl  acetate). 

Found  <7o:  C  59.06|  H  5.84.  CHH13O4N.  Calculated  C  59.18;  H  5.86. 

3.  Methyl  ester  of  rf-N-formyI-0-(4,6-diethylenimino-s-triazin-2-jl)-L-tyrosine  (I,  R  =  CHO).  A  solution 
of  1.28  g  of  2-cliloro-4,6-dieiliylenimmo-s-iriazine  in  60  ml  of  dry  acetone  was  prepared  by  heating.  At  the 
same  time  1.45  g  of  metliyl  N- formyl- L-tyrosinate  was  dissolved  in  30  ml  of  dry  acetone,  and  then  a  solution  of 
0.32  g  of  NaCH  in  10  ml  of  anhydrous  CH3OH  was  added.  The  phenolate  solution  was  added  to  the  triazine 
solution  in  10  minutes  at  20-22*.  The  mixture  was  stirred  for  30  minutes  and  tlien  the  deposited  NaCl  was  filtered. 


*  Done  by  E.  M.  Shamaeva, 
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of  1.82  g  of  cyanuric  chloride  in  15  ml  of  acetone  was  poured  into  100  ml  of  water  cooled  to  5°.  The  obtained 
suspension  was  treated  with  a  solution  of  1.35  g  of  NaI-lC03  in  10  ml  of  water,  and  then  a  solution  of  3.7  g  of  the 
metliyl  ester  of  a- N- acetyl- p- ami  nophenylalanine  in  30  ml  of  acetone  was  added  in  drops  at  0-5*.  The  mixture 
was  stirred  for  45  minutes,  after  which  it  was  suction  filtered,  and  tlie  precipitate  was  dried  in  a  vacuum  desiccator 
overCaClj.  Yield  3  g  (50 ‘^)).  M.  p.  229-229,5*  (decomp.)  (recrystallized  twice  from  dioxane). 

Found  C  47.08j  H  4.25j  N  17.90}  Cl  18.53.  C15H15N5O3CIJ.  Calculated ‘yo:  C  46.88}  H  3.93} 

N  18.23}  Cl  18.46. 
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11.  Mctlivl  cr.tcr  of  (Y-M-acciyI-p-(4,()-dieiliy]ciiiniiiio-s-tria7,in-2-yl)-nnilno-D!,-phcnylalanine  (II, 

R  =  Cl A  r.olulioii  «'f  h  g  o7  ciicliloio  derivative  (VUT)  in  80  ml  of  dioxane  was  added  in  drops  to  a 
solution  of  1.7  ml  (1.4  g)  of  etliylenimiiie  and  3.7  ml  of  triethylamine  in  40  ml  of  dioxane  at  30-35*.  The 
mass  was  stirred  at  35*  for  2  hours  and  then  it  was  allowed  to  stand  overnight.  The  next  day  the  mixture  was 
filtered  to  remove  the  triethylamine  hydrochloride,  and  tlie  filtrate  was  evaporated  in  vacuo.  The  residual 
oil  was  dissolved  in  20  ml  of  ethyl  acetate,  and  tlie  solution  was  filtered  and  poured  into  80  ml  of  ether.  The 
mixture  was  diluted  with  200  ml  of  petroleum  ether  and  allowed  to  stand  in  the  refrigerator  overnight.  Then 
the  solvent  was  decanted  from  the  precipitate.  The  precipitate  was  stirred  with  petroleum  ether  and  filtered, 
and  then  It  was  mixed  with  15  ml  of  anliydrous  alcohol,  triturated,  and  filtered.  Yield  2.1  g  (40.5  ^o).  M.  p. 
160-161*  (from  alcohol)  (capillary  placed  in  tlie  apparatus  at  155*). 

Found  C  56.95|  H  5.88;  N  24.92.  CigHjjOjNy.  Calculated  %;  C  57.42;  H  5.83;  N  24.67. 

The  compound  is  difficultly  soluble  in  water,  cold  alcohol,  ether  and  benzene,  and  readily  soluble  in  hot 
water,  warm  alcohol,  and  chloroform. 

12.  Diethyl  ester  of  N-acetamido-(4,6-dlethylenimino-s-trlazin- 2-yl)- malonlc  acid  (111)  (R  =  GC)OC2H5, 

R’  =  C2H5).  A  solution  of  2.05  g  of  acetamidomalonic  ester  in  20  ml  of  warm  benzene  was  added  to  a  suspension 
of  0.35  g  of  metallic  potassium  in  10  ml  of  benzene.  The  mixture  was  stirred  for  10  minutes  and  then  0.75  ml 
(50^0  excess)  of  anhydrous  alcohol  was  added  witit  stirring.  After  this  the  mixture  was  treated  with  a  solution 
of  1.7  g  of  2-chloro-4,6-dietliylenimino-s-triazine  in  50  ml  of  benzene.  The  mixture  was  heated  for  3  hours 

at  60*  and  then  allowed  to  stand  overnight.  After  this  the  solution  was  filtered  from  KCl  and  the  filtrate  was 
evaporated  to  dryness,  after  which  the  residue  was  treated  with  20  ml  of  alcohol,  filtered,  and  the  filtrate 
evaporated  again.  The  residue  was  stirred  with  ether,  filtered,  and  the  filtrate  allowed  to  stand  in  the  refrigerator. 
The  obtained  ester  wa  suction  filtered.  Yield  0.9  g  (28%).  M.  p.  132-133*  (from  a  1 :1  mixture  of  benzene 
and  cyclohexane)  (tlu  product  reddens  at  125*).  The  compound  Is  difficultly  soluble  in  water,  and  readily 
soluble  in  benzene  and  alcohol. 

Found  C  50.98;  H  5.88;  N  21.83.  CieHajOfeNg.  Calculated C  50.82;  H  5.89;  N  22.21. 

Slightly  soluble  In  water,  very  soluble  In  benzene,  alcohol. 

The  alcohol  and  etlier-insolvible  precipitate  (0.5  g)  was  starting  2-chloro-4,6-diethylenimino-s-trlazine. 
When  an  attempt  was  made  to  saponify  the  obtained  ester  using  alcoholic  NaOH  solution,  we  isolated  a  non¬ 
crystalline  substance  that  failed  to  have  a  definite  melting  point,  and  which  we  were  unable  to  purify. 


SUMMARY 

The  methyl  esters  of  a-N-formyl-  and  a-N-acetyI-0-(4,6-diethylenimino-s-triazin-2-yl)-L-tyrosine, 
the  methyl  ester  of  a-N-acetyl-p-(4,6-dietliylenlmino-s-triazin-2-yl)  amino-DL-phenylalanine,and  the  dletltyl 
ester  of  N- acetamido- (4,6- diethylenimino-s-triazin- 2-yl)  malonlc  acid  were  synthesized. 
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THE  STRUCTURE  AND  TRANSFORMATIONS  OF  DIAZO  COMROUNDS 
XII.  SPECTRAL  INVESTIGATIONS  OF  SOME  AROMATIC  DIAZO  COMPOUNDS 

B.  A.  Porai-Kosliits  and  B.  V.  Passet 
Lensovet  Leningrad  Technological  Institute 
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Original  article  submitted  January  15,  1959 


Only  a  few  papers  are  devoted  to  the  obtaining  and  study  of  the  electronic  absorption  spectra  of  diazo  com¬ 
pounds.  It  is  known  that  in  aliphatic  diazo  compounds  the  diazo  group  gives  two  characteristic  absorption  bands 
of  different  intensity  [Ij.  The  intense  band  lies  at  250  mp ,  while  the  low- intensity,  longer  wavelength  band  lies 
In  the  350-400  m;r  region.  Even  less  is  known  about  tlie  electronic  absorption  spectra  of  aromatic  diazo  com¬ 
pounds,  whicli  are  the  subject  of  the  present  investigation.  The  studies  made  in  this  area  by  Hantzsch  and  Lifschitz 
[2],  and  also  those  of  Dobbie  and  Tinkler  [3J,  had  as  their  goal  only  to  establish  a  similarity  or  difference  in  the 
absorption  spectra  of  the  so-called  'stable"  and  "labile"  salts.  The  recent  studies  of  Le  Fevre  [4j,  in  which  he 
used  tire  electronic  spectra  to  study  the  influence  of  light  on  diazo  compounds,  contains  much  incorrect  data, 
whicli  was  shown  by  Lewis  [5j,  and  is  also  confirmed  by  our  experiments.  Undertaking  a  study  of  the  structure  of 
diazo  compounds,  some  investigators  have  resorted  to  a  study  of  the  infrared  spectra  [6-16],  Meanwhile,  electronic 
spectra  are  especially  important  when  discussing  the  problems  associated  with  tlie  electronic  structure  of  com¬ 
pounds. 

Our  study  of  the  spectra  of  diazo  compounds  in  acid  medium  revealed  that  the  presence  of  two  absorption 
bands  of  different  intensity  is  characteristic  for  the  diazo  cation.  Depending  on  tlie  character  of  tlie  substituent 
in  tlie  aromatic  nucleus,  the  absorption  band  with  tlie  higher  intensity  lies  at  260-280  mg,  while  tlie  less  intense 
band  lies  at  300-350  mg  (Fig.  l). 

The  absorption  curves  of  diazo  compounds  In  strongly  alkaline  medium  are  sharply  different  from  the 
absorption  cutv'cs  in  acid  medium.  The  diazo  anions  showed  only  one  absorption  band  in  the  near  ultraviolet 
with  maximum  absorption  at  275-330  mg,  depending  on  the  character  of  the  substituent  in  the  aromatic  nucleus 
(Fig.  2). 


Diazo 

Absorption  maxima  (mg) 
characteristic 

Presence  of 

isobestic 

compound 

for 

for 

points  (mg) 

cation 

anion 

o-Methoxydiazo- 

benzene 

Diazobenzene 

p-Sulfodiazo- 

206,  355 
203,  3U0 

223,  273 
273 

250,  274,  327 
245,  208 

benzene 

p-Nitrodiazobenzene 

209,  310 
200,  312 

281 

330 

245,  278 
238,  230 

2,6-Dichlorodiazo- 

benzene 

277,  347 

<220 

248 
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In  tlie  pH  range  7-9  ihe  absorption  curves  of  water  solutions  of  the  diazo  compounds  arc  strongly  de¬ 
pendent  on  the  pH  of  the  medium,  at  all  times  occupying  an  intermediate  position  between  the  absorption 
curves  of  the  diazo  cation  (Fig.  l)  and  the  diazo  anion  (Fig.  2),  Especially  important  is  die  fact  that  the 
absorption  curves  of  any  diazo  compound  all  intersect  at  one  point,  irrespective  of  tlie  pH  (Fig.  3). 


jj  n  000 f 


Fig.  1.  Absorption  curves  of  water  solutions 
of  diazo  compounds  in  acid  medium  (pH 
3-4).  l)  Diazobenzene;  2)  o-methoxy- 
diazobenzene;  3)  p-sulfodiazobenzene; 

4)  p-nitrodiazobenzene;  5)  m-nitro- 
diazobenzene;  6)  o-chlorodiazobenzene; 
7)  2,4-dinitrochlorodiazobenzene;  8) 
2,6-dichlorodiazobenzene. 


The  presence  of  isobestic  points  on  the  absorption 
curves  of  diazo  compounds  (see  Table)  indicates  that, 
independent  of  the  pH  for  all  practical  purposes  there 
are  no  other  forms  of  diazo  compounds,  besides  diazo 
cation  and  diazo  anion,  present  in  the  aqueous  solutions 
when  equilibrium  is  established,  which  supports  the  theory 
expressed  by  us  earlier  [17j.  Zollinger  and  Wittwer 
[18,  19]  also  expressed  the  opinion  that  perceptible 
amounts  of  undissociated  forms  of  diazo  compounds  are 
absent  in  aqueous  solutions,  but  this  opinion  lacked 
sufficient  experimental  proof. 


Fig.  2.  Absorption  curves  of  water 
solutions  of  diazo  compounds  in 
alkaline  medium  (at  pH  11-12).  See 
Fig.  1  for  the  numbering  of  the  curves. 


Fig.  3.  Absorption  curves  of  aqueous  solutions 
of  p-nitrodiazobenzene  at  different  pH  values. 
pH  values:  l)  <  4.0;  2)  7.0;  3)  7.38;  4) 
7.67;  5)  7.80;  G)  7.98;  7)  s  11. 


Fig.  4.  Relation  between  the  optical 
density  of  aqueous  solution  of  p-nitro- 
diazobenzene  at  X  =  280  mp  and  the 
concentration  of  diazo  compound. 
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Simultaneously  with  us,  it  was  independently  shown  by  I^wis  and  Suhr  [5]  that  isobestic  points  exist  for  the 
case  of  p-nitrodlazobenzene.  However,  the  mentioned  investigators  did  not  extend  tlteir  study  to  other  diazo 
compounds  and  failed  to  derive  any  other  conclusions  from  it  except  tliat  their  experiments  support  Zollinger's 
theories.  IxiW'is  and  Suhr  were  also  unable  to  study  the  established  equilibrium,  and  consequently  tliey  were 
unable  to  calculate  the  equilibrium  constant  accurately. 

Since  the  isobestic  point  lies  at  the  intersection  of  the  absorption  cmves  of  the  diazo  cation  and  the  diazo 
anion,  tlie  optical  density  of  tlie  solution  at  a  wavelength  corresponding  to  the  isobestic  point  should  be  propor¬ 
tional  to  tire  total  amount  of  diazo  compound  in  the  solution.  This  permitted  us  to  find  tire  graphical  relation¬ 
ship  for  determining  tire  concenuation  of  diazo  compound  in  solution,  which  is  sliown  in  Fig.  4.  Along  the 
ordinate,  we  have  plotted  the  optical  density  values  of  diazo  solutions  containing  different  amounts,  determined 
analytically,  of  diazo  compound,  wiiile  along  the  abscissa  we  have  plotted  the  corresponding  concentration  of 
diazo  compound  (in  the  given  case,p-nitrodIazobenzene).  The  existence  of  such  a  relationship  makes  it  possible 
to  determine  rapidly  and  accurately  tire  concentration  of  diazo  compound  in  solution,  independent  of  whetlier 
it  is  found  as  diazo  cation  or  as  diazo  anion. 

Being  convinced  tliat  dilute  water  solutions  of  diazo  compounds  obey  the  Lambert-Beer  law  at  all  pH  values, 
we  were  able  to  utilize  the  method  described  in  [110]  for  tire  analysis  of  diazo  solutions,  with  a  separate  deter¬ 
mination  of  the  amounts  of  diazo  cation  and  diazo  anion,  and  thus  obtain  a  more  accurate  value  for  the  hydroly¬ 
sis  constant  of  the  diazo  cation,  which,  according  to  earlier  determination  by  gravimeuic  analysis  [17],  was 
equal  to  K  =  10" 

02NCon4N^  +  H2O  OaNCJIiNjO^  -1-  2H® 

^  _  [OzNCqH 4 N'zO (1) 
|o.2NCoIi7n.^] 


This  also  helped  us  to  determine  tlrose  physicochemical  constants  of  diazo  compounds  that  function  to 
characterize  tlrcir  acid- base  properties.  The  values  of  these  constants  for  p-nitrodiazobenzene  proved  to  be 
equal  to; 

1)  equilibrium  Oiydrolysis)  constant,  K  =  6.31  •  10"^{ 

2)  acidity  constant  of  p-nitrophenylnitrosamine,  =  2.51  •  10”*j 

3)  first  acidity  constant  of  p-nitrophcnyldiazo  cation,  =  2.51  •  10" 

4)  first  basicity  constant  of  p-niirophenyldiazo  anion,  =  1.58  •  10"*i 

5)  second  basicity  constant  of  p-nitrophenyldiazo  anion  (basicity  constant  of  p-nitrophcnyldiazo  hydroxide), 

Kbii  =  l-68-10-=. 


Quantitative  spectral  Investigation  of  water  solutions  of  p-nitrodiazobenzene  revealed; 

1)  when  equilibrium  is  established  the  sum  of  the  diazo  cation  and  diazo  anion  concentrations  is  equal  to 
die  solution  concentration  of  the  diazo  compound  at  all  pH  values  of  the  solution! 

2)  when  equilibrium  (2) 


ArN®  +  01I® 


on©  ^ 

ArNaOH  ArNgO^-f  H2O 


(2) 


is  not  established,  the  sum  of  the  concentrations  of  diazo  cation  and  diazo  anion  at  any  moment  is  equal  to  the 
solution  concentration  of  tlie  diazo  compound,  whicli  serves  as  evidence  that  the  rate  of  the  second  step  of  the 
reaction  is  much  faster  tlian  tlie  rate  of  die  first  step; 

3)  when  equilibrium  (3) 

Ar.N.20®-f  H3O®  Ar— NjOlI  ArN® -f  2H2O  /gx 
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Is  not  cstal)lisliccl,  the  siiin  of  llic  concentrations  of  diazo  cation  and  diazo  anion  is  smaller  than  die  solution 
concentration  of  the  diazo  compound,  which  serves  as  evidence  that  tlie  rate  of  the  second  step  of  the  reaction 
is  slower  than  tlie  rate  of  the  first  step. 

Tlic  use  of  electronic  absorption  spectra  to  study  the  chanj;cs  in  the  concentration  of  diazo  cation  and 
diazo  anion  dnriiii^  ilic  initial  period  of  reaction  (2)  revealed  that  in  tlie  pll  range  7-9  this  reaction  docs  not 
obey  the  first-order  equation,  despite  the  fact  that  an  excess  of  hydroxyl  ions  is  always  present  in  the  solution. 
This,  in  our  opinion,  again  serves  as  evidence  tliat  both  steps  of  reaction  (2)  proceed  simultaneously,  i.e.,  that 
tlie  rate  of  the  second  step  is  greater  tlian  the  rate  of  the  first  step.  In  contrast,  reaction  (3)  goes  as  a  first-order 
reaction  in  the  Initial  period,  which  serves  as  evidence  tliat  both  of  its  steps  are  consecutive  reactions.  This 
is  also  confirmed  by  potentiomeuic  study  [17J.  The  results  of  investigating  the  kinetics  of  the  reaction  prove 
to  be  in  complete  harmony  witli  the  kinetics  data  of  Lewis  and  Suhr  [5j.  As  a  result,  the  validity  of  the  new 
theory  of  the  structure  of  diazo  compounds  was  again  confirmed  by  the  spectral  investigation  results. 


SU  MMARY 

1.  Water  solutions  of  diazo  compounds  exhibit  characteristic  selective  light  absorption  in  the  ultraviolet 
region. 

2.  Different  absorption  bands  are  observed  in  acid  and  in  alkaline  mediaj  in  media  where  the  pH  ranges 
from  7  to  9  the  absorption  curves  of  different  diazo  compounds  exhibit  isobestic  points. 

3.  The  presence  of  isobestic  points  serves  as  evidence  that  in  aqueous  solutions,  when  equilibrium  is 
established,  the  only  compounds  present  are  tlie  diazo  cation  and  tlie  diazo  anion. 

4.  Neutralization  of  tlie  diazo  cation  with  alkali  is  not  a  first-order  reaction,  which  testifies  to  the  faster 
rate  of  die  second  step  of  die  reaction  (dissociation  of  the  diazo  acid  widi  the  formation  of  the  anion);  neutraliza¬ 
tion  of  die  diazo  anion  goes  as  a  first-order  reaction  at  the  start;  as  a  result,  it  is  a  consecutive  reaction. 

5.  Processes  going  at  a  slow  rate  are  present  in  die  enumerated  reactions;  in  the  direct  reaction  the  slow 
process  is  the  initial  reaction  of  the  diazo  cation  with  hydro.xyl  ion,  while  in  the  reverse  reaction,  it  is  the  con¬ 
version  of  the  nitrosamine  to  diazoliydroxide  and  reaction  of  the  latter  with  protons. 

6.  Water  solutions  of  all  of  die  investigated  aromatic  diazo  compounds  obey  the  Lambert-Beer  (Bouguer) 
law  in  a  wide  pH  range. 
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CYANINE  DYES 


XII.  SOME  5,6’-DIMETHOXY-6,6*-DIAMINOTHIACARBOCYANINES 

I,  1.  Levkoev,  N.  N.  Sveshnikov,  N.  S,  Barvyn*  and 
T.  V.  Krasnova 

All-Union  Motion- Picture  Scientific  Research  Institute 

Translated  from:  Zhurnal  Obshchel  Khimii,  Vol.  30,  No.  1,  pp.  291-299,  January,  1960 
Original  article  submitted  October  21, 1958 


The  introduction  of  electropositive  groups  into  the  heterocyclic  residues  of  cyanine  dyes  deepens  the  color 
of  the  latter  and  the  magnitude  of  the  badiochromic  displacement  of  the  absorption  maximum  is  mainly  deter¬ 
mined  by  tlie  extent  of  the  substituent’s  electronic  reaction  with  the  polymetltyne  chromophore  [1-5].  With  a 
change  from  5,5’-  or  6,6*-dimethyl-  or  dimethoxythiacarbocyanines  to  the  conesponding  5,6,5J6’-tetrasubstituted 
derivatives  there  is  a  further  additive  displacement  of  the  dye  absorption  maxima  toward  the  longwave  region 
of  the  spectrum  [6,  7]. 

One  might  surmise  that  5,fi,5j6'-tetrasuhstiruted  dyes  of  this  series,  containing  polar  amino  groups  in  the 
hetero  residues,  would  have  an  even  deeper  color.  To  test  this  hypothesis  we  condensed  the  quaternary  salts  of 
2-methyl-5-methoxy-6-dimethylaminobenzthiazole  [8]  with  orthoesters  of  carboxylic  acids  in  pyridine  (see  [9]) 
and  obtained  5,5’-dimethoxy-6,6’-bis(dimetliylamino)-tliiacarbocyanines  [1,  B  =  (CH3)2N]. 

However,  it  was  found  tliat  in  these  dyes  the  effect  of  the  substituents  on  the  color  was  not  additive  and 
their  absorption  maxima  were  even  displaced  somewhat  into  tlie  shortwave  region  as  compared  to  those  of  6,6'- 
bis (dimethylamino)  derivatives  [II,  B  =  (CH3)2N]  [4], 


IVs 

U2 


S  A 

I 

-CH=G 

X 

C2H5 

(I) 


S, - 


1- 


N 

I 

C2H5 


OCH, 


B=^Nn,.  cn,Nn.  (CH,),n.  cUjCOnh,  ciijCONtru,).  p-oii,(%ji,so,Nii  or  p-ch,c,h.so,n(CH,); 
A  =  11,  ('ll,  or  t',iU;  X  =  acid  rcsiuue. 
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A  hypothesis  was  put  forward  that  the  anomalous  color  of  tltese  dyes  was  due  to  a  decrease  In  electron  dis¬ 
placement  from  the  substituents  to  die  polymcthyiie  chromophore.  However,  the  reasons  for  this  phenomenon 
were  not  elucidated. 

Continuing  our  investigations  of  similar  tetrasubstituted  dyes,  we  used  die  method  mentioned  above  to 
synthesize  a  scries  of  6,5*-dimedioxy-G,G*-di  (acylamino)  thiacarbocyanines  (I,  =H  or  CH5,  R*  =  Ql3CO  or 
p- 011305114802)  from  die  ciuatcrnary  salts  of  the  corresponding  2-methyl-6-mcthoxy-6-acylaminobenzthiazoles 
[8J  and  by  heating  the  former  with  hydrochloric  acid  we  obtained  die  G,G’-diamino-  and  6,6*-bis(methylamino) 
derivatives  corresponding  to  diem  (I,  R^  =H  or  CH3,  R^  =  H). 

For  comparison  with  the  corresponding  dyes  of  structure  (I),  we  prepared,  for  die  first  time,  G,G'-bis(N- 
mediyl-N-acctylamiiio)  diiacarbocyaniiics  and  some  6,G'-dl(p-toluenesulfonamido)-  and  6,G’-bis (N- mediyl- 
p-toluencsnlfonamido)  derivatives  which  were  described  briefly  by  A.  1.  Kiprianov  and  E.  D.  Sych  [10],  The 
first  of  diese  dyes  were  syiiilieslzed  by  aceiylating  G, 6’- bis  (mcdiylaniino)  thiacarbocyanines  or  by  condensing 
2-mctliyl-G-N-nietliyl-N-acetylaminobenztiiiazole  ediyl-p-toluenesulfonate  widi  orthoesters  of  carboxylic  acids. 
The  latter  base  was  prepared  by  heating  2- nicdiyl-G-N- methyl- p-toluenesnlfonainldobenzthiazole  with  hydro¬ 
chloric  acid  and  acetylating  die  6-mediylamino  derivative  dins  formed. 

Table  1  gives  the  absorption  maxima  of  the  dyes  synthesized  (I  and  II,  A  =H)  and  of  some  odier  6,6'-dl- 
substitnted  thiacarbocyanines  (in  alcohol). 


TABLE  1 


Substituents  in 
positions  G,G’, 

B 

Absorption  max.  (in  m/i) 

1 

(1)  litejatiire 

j  I  data  data 

Displace-  ! 
ment  of 

^max 
vs.  inisub. 
diiocarbo- 
icyanine(in;4) 

Additive  dis-j 
placement  1 
calc,  for  (I) 
(in  nifi) 

Deviation  of 
^nidx  dye 

(l)lrom  calc, 
value 
(in  mg) 

II 

57G 

.558 

18 

NII2 

GIG 

.5!)', 

59G  po.  11), 

58 

54 

+  4 

.597  12) 

CH3NH 

g:«) 

G08 

GlUp.  lo) 

72 

G8 

+  4 

(Clla)2N 

GO'i 

G12 

G12  P«1 

iG 

72 

-2G 

UHoCONII 

.59S 

.577 

.581  |2.  10), 

■'lO 

87 

.579  PM 

CIlaCONfClIa) 

58:5 

SGI 

— 

25 

24 

+  1 

P-CH3CRH4SO2NH 

592 

.572 

.577  |2). 

M 

32 

-p  3 

p-Cll3C6M4S02N((:il3) 

585 

5GS 

.570  P"1 

1 

27 

28 

—  1 

These  data  show  that  the  introduction  of  methoxyl  groups  into  die  5,5’  positions  of  6,6'-disubstituted  thia- 
carbocyanincs  containing  free  or  substituted  amino  groups  produced  a  badiochroniic  displacement  of  the  ab¬ 
sorption  maximnni  of  all  the  dyes,  except  for  G,G'-bis(dimcthylamino)  derivatives.  Both  substituents  in  die 
hetero  residue  have  an  additive  effect  on  the  color  and  die  calculated  displacements  of  the  absorption  maxima 
agree  well  widi  diose  observed. 

Thus,  die  lighter  color  of  5,5’-dimeihoxy-6,G*-bis  (dimcdiylamino)  diiacarbocyanines  could  not  be  due  to 
electrostatic  interaction  of  die  positive  substituents  in  die  ortho  position,  as  (CIl3)2N  and  NM2  or  CH3NH  groups 
are  quite  similar  to  each  other  in  diis  respect.  However,  these  groups  differ  considerably  in  die  volume  diey 
occupy  and  this,  apparently,  determines  ilicir  different  effect  on  die  color  of  tlie  dyes  investigated.  In  ammonium 

/ 

salts  widi  die  structure  N  =  G  ,  die  nitrogen,  carbon,  and  atoms  connected  to  them  lie  in  one  plane.  As 
/  \ 

die  electron  density  is  displaced  in  aminocyaiiines  from  die  R^R^N  groups  to  the  polymcthyiie  chromophore, 
the  nitrogen  atom  of  the  latter  also  becomes  doubly  bound  to  a  certain  extent.  Under  these  conditions  die  sub¬ 
stituents  bound  to  die  nitrogen  atom  should  approach  die  plane  of  die  hetero  residue.  Steric  hinderaiice  to  such 
a  disposition  of  the  amino  groups  may  arise  in  die  presence  of  substituents  in  die  ordio  position  and  this  would 


result  in  a  decrease  in  the  Interaction  of  die  amino  groups  with  the  rest  of  die  dye  molecule.  Evidently,  such 
hindrance  will  he  stronger  the  more  ilie  electron  density  is  displaced  from  the  nitrogen  atom  and  die  greater 
the  volume  of  die  suhstiiuents  in  die  amino  groups  and  in  positions  ortho  to  them. 

A  similar  decrease  in  the  interaction  of  (CH3)2N-  and  Cn3Nll-  groups  with  die  benzene  nucleus  caused  by 
sterlc  hindrance  is  observed  in  die  case  of  o-substituted  dimcthylanilines  and  o,o’-dlsubstituted  nionoinethyl- 
anilincs.  The  introduction  of  substituents  into  the  ortho  position  produces  a  hypsochronilc  shift  of  the  maximum 
of  the  first  absorption  band  of  these  amines  [12j  and  anomalous  changes  in  their  dipole  moment  and  basicity  [13] 
(see  also  [Mj). 


The  electron  displacement  from  the  substituent  to  the  main  chromophore  in  6,6'-bls(dimediylamino)  thia- 
carbocyanlncs  is  apparently  quite  great, as  die  introduction  of  RjN—  groups  in  this  case  produces  a  very  extensive 

badiochronilc  shift  of  the  absorption  maximum  (65-60  mp  [2,  10,  15]). 
Thus,  in  diese  dyes  the  RjN—  groups  apparently  are  quite  deformed  and 
die  substituents  connected  to  them  lie  relatively  close  to  the  hetero 
residue  plane. 

As  an  examination  of  their  steric  models  shows,  in  the  case  of  the 
corresponding  5,5'-dimedioxy  derivatives  [I,  B  =  (CH3)2N],  the  location 
of  (CH3)2N  groups  in  die  same  plane  as  the  hetero  residue  is  greatly 
hindered  (see  figure).  Due  to  diis,  such  dyes  should  have  less  electron 
interaction  between  the  substituents  and  the  polymethyne  chromophore 
dian  in  the  case  of  dyes  containing  only  dimediylamino  groups  in 
positions  6,6’,  and  this  is  actually  demonstrated  by  the  lighter  color  of 
die  former. 


This  conclusion  is  confirmed  by  the  additive  effect  of  the  substituents  on  the  color  in  6,6'-diamino-  and 
6,6’-bis (mediylar)ino)-5,6’-dimedio.\ythiacarbocyanines,  in  which  no  hindrance  to  a  planar  arrangement  of 
the  NH2  or  C' 'j'  '  and  CH3O  groups  widi  the  hetero  residues  is  observed  (see  figure). 

Thus,  '  anomalous  color  01  5,5'-dimethoxy-6,6’-bis(dimethylamino) thiacarbocyanines  is  apparently  re¬ 
lated  to  the  h;c:  that  due  to  steric  hindrance,  die  substituents  in  the  dyes  cannot  be  arranged  in  positions  most 
favorable  for  their  interaction  with  die  main  chromophore  [16], 

It  is  possible  that  for  die  same  reasons  there  is  no  additive  effect  of  the  substituents  on  the  color  of  dre  7,7'- 
disubstituted  6,6’- bis  (dimediylamino)  thiacarbocyanines  [17,  18]  and  6,6’-diamino-5,5’-bis  (dimediylamino) 
derivative  [19]  studied  by  A.  I.  Kiprianov  and  E.  D.  Sych.  A.  1.  Kiprianov,  I.  N.  Zhmurova,  and  I.  K.  Ushenko 
recently  reached  a  similar  conclusion  on  the  effect  of  steric  hindrance  to  a  planar  arrangement  of  a  dimethyl- 
amino  group  with  a  benzene  nucleus  or  a  heterocyclic  residue  on  the  color  of  5,5*-  or  6,6’-bis  (dimediylamino)- 
thiacarbocyanines  containing  methyl  or  tert-butyl  groups  in  positions  6,6*  or  5,5*,  respectively  [11,  20],  as  well 
as  some  triphenylmethane  [21]  and  azo  dyes  [21,  22]. 

In  the  5, 5'-dlmethoxy-6,6*-bis(N-methyl-N-acylamino)- thiacarbocyanines  (I,  R^sCHj,  R*  =  CH3COor 
p-CH3CeH4S02)  we  Investigated,  the  substituents  also  cannot  be  arranged  in  die  same  plane  as  the  hetero  residue 
widiout  a  change  in  valence  angles.  However,  as  the  data  in  Table  1  show,  die  effect  of  the  substituent  groups 
on  color  is  practically  additive  in  diese  dyes.  This  phenomenon  is  evidently  due  to  the  fact  that  in  dyes  with 
acylamino  groups  the  displacement  of  electron  density  from  the  latter  to  the  main  chromophore  is  quite  insignificant 
(shift  of  Xjiiax  6-10  mp  as  compared  witii  64  mp  for  dimediylamino  derivatives)!  in  connection  with  this  they 
evidently  retain  die  possibility  of  rotation  about  the  C  — H  bond  and  the  presence  of  CH3O  groups  does  not  create 
steric  hindrance  to  die  normal  Interaction  of  substituents  with  the  hetero  residue,  it  is  interesting  that  the  pres¬ 
ence  of  methyl  and  especially  tert-butyl  groups,  wliich  are  more  voluminous  dian  an  oxygen  atom,  in  a  position 
ortho  to  even  an  unsubstituted  acetamido  group  produces  an  appreciable  shift  in  the  absorption  maximum  of  the 
corresponding  diiacarbocyanlnes  toward  the  shonwave  region  (up  to  9  m/r)  [11,  20]. 

The  data  presented  show  diat  in  examining  the  possibility  of  steric  hindrance  to  the  electron  Interaction  of 
certain  substituents  with  die  main  conjugated  system,  one  should  consider  both  the  volume  of  die  substituents  and 
the  extent  of  their  possible  Interactloi^  which  determines  dielr  position  in  space. 
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TABLE  2 


1 

Amount  | 

Heating  temp, 
and  time 

t-.  c 

<u  '•C' 

u  § 

2  0 

S  E 

0 

Amount  I 

Dye  No. 

Name  of  dye 

13  a 

Xl  w 

1  *3) 

^  u  .H 
<0  -5  r*. 
n  r: 

1  3  ^ 

Q.S  5 

c"b 

—  c 

0  CJ. 

c 

0 

1  E 
^  a 

3  ^ 

1 

3,3’-  I)iethyl-5,5*-diin<..tlioxy-6,6'- 

0.88 

] 

0.85 

1.30-140°, 

E  1. 

10 

20. 100/0 

bis(diinet1iylainino)tliiacarbocyaniiK 

iodide^ 

6  hours 

(1.20) 

E  2 

KI 

2 

3,3’-  Dieiliyl-9-metliyI-5,5’-dl- 

0.88 

0.85 

1.30-140, 

12 

25,  20'Vo 

mv  thoxy-6,6'-bis(climctlivlamino) 
thiacarbocvaiiiiie  perchlorate 

6  hours 

(1..30) 

NaC104 

3 

3,3’,9-Trieihvl-5,5*-dimethoxy-6,6’- 

0.S8 

0.85 

130-140, 

E  3 

12 

25,  20% 

bis(dimethviamino)iluacarbo- 
cyanine  pe'rciilorate 

3,3’-  Diethyl- 5,5'- diinethoxy- 6,6’- 

6  hours 

(1.41) 

NaCl04 

4 

0.21 

0.21 

1.35-145, 

E  1 

7C 

7.  IOO/0 

diacetamidothiacarbocyanine  Dr 

0  hours 

t0.30) 

KHr 

5 

3,3’-  Diethyl-  o-  ineiiivl- 5,5’-dir 
meilroxy-  6 ,0  -  diaccta  niidoth  la- 

0.24 

0.21 

1.35-145, 

6  hours 

E  2 
(0.32) 

7C 

7.107o 

KI3r 

carbocyaninc  bromide 

6 

3,3',9-TrieihvI-5,5‘-dimethoxy-6,6’- 
diacetamidoihiacarbocyanine  bromic 

0.24 

c 

0.21 

1.3.5-145, 

0  hours 

E  3 
(0.35) 

10 

20,  200/0 
KHr 

7 

3,3*- Dimethyl- 9-ethvl- 5, 5’-di- 

0,24 

0.20 

130-140, 

E  3 

12 

25.  lOO/o 

methoxy-6,0’-diacetamidothia- 
carbocyaninc  bromide 
3,3’-Dicthyl-5,5’-dimetlioxy-6,6'-bis- 

6  hours 

(0.35) 

KBr 

8 

0.25 

0.21 

IDO— 140, 

E  1 

5 

10. 250/0 

(N- methyl- N-acetylaniino)th  ia- 
carbocyaninc  iodiue 

6  hours 

<0.30) 

K  I 

1 

9 

3,3’-Diei1iy]-9-metlivl-5,5’-di- 
methoxy-6,6’-bis(.N-  methyl- N- 

0.25 

0.21 

130-140. 
6  hours 

E  2 
(0.32) 

5 

10, 250/0 
KI 

acetylaniino)diiacarbocyanine  iodid 

10 

3,3*,9-Triethvl-5,5’-dimethoxy-6,6*- 

0.25 

0.21 

130-140, 

E  3 

5 

10, 250/0 

bis(N-methyl-N-acetylaminonhia- 
carbocyanihe  iodide 

6  hours 

(0.35) 

20^ 

KI 

11 

3,3*-Diefliyl-5,5'-dimethoxy-6,6’-di 
(p-  toluenesulfonamido)tliiacarbo- 

0.70 

0.44 

120—130, 
6  hours 

E  1 
(0.59) 

E  1 

20,  lOO/o 
KBr 

10,  lOO/o 

cyanine  bromide 

3,3‘-Diethyl-5,5*-dimethoxy-6,0-bis- 

12 

0.36 

0.22 

125—130, 

10 

(N-  methyl-  p-  toluenesul  lonamido) 
thiacarboevanine  bromide 

6  hours 

(0.30) 

KBr 

13 

3,3*-Diethyl^,6’-bis(N-methyl-N- 

0.22 

0.22 

140—150, 

E  1 

1 

2,2(jO/o 

acetylaminojthiacarbocyanine 

6  hours 

(0.30) 

14 

3,3’-  Diethyl- 9- methyl- 6,6’ -bis(N- 

0.22 

0.22 

140—150, 

E  2 

2 

45.  20/0 

methyl- N-acetvlarnino)thiacarbo- 
cyanlne  perclil'orate 

6  hours 

(0.32) 

NaC104 

15 

3,3’,9-Triethyl-6,6’-bis(N-methyl- 

0.22 

0.22 

140-150, 

E  3 

1 

40.  50/0 

N- acetvlaiiuno)tiuacarbocyanine 
perchldrate 

3,3’- Diethyl-6,0’-di(p- toluenesul- 

6  hours 

(0.26) 

NaG104 

16 

0.63 

0.44 

130, 

E  1 

_ 

_ 

fonamido)thiacarbocyanine 
p- toluenesulfonate 

6  hours 

(0.60) 

17 

3,3’-  Diethyl-6,6’-  bis(N-  metlivl-  p- 

0.69 

0.44 

1.50—1.55, 

E  1 

10 

10,  lOO/o 

toluenesulfonamido)thiacarbo- 
cyanine  iodide 

2  hour 

(0.60) 

Kl 

a.  Perchlorate,  dark-green  prisms  with  m.  p.  229-230“. 

b.  Before  crystallization  die  dye  was  chromatographed  on  aluminum  oxide  in  a  chloroform  solution. 

c.  Medianol. 

d.  Perchlorate,  lustrous,  bluish-gray  prisms  (from  alcohol).  M.  p.  248-250“.  Found  N  9.14, 
C2^siOgN4S2Cl.  Calculated '7o;  N  9.23. 

e.  E  1  -  ethyl  orthoformate,  E  2  -  ethyl  ordioacetate,  E3-  ethyl  orthopropionate j  pyridine  used  — 

3  ml  for  dye  14,  2.5  ml  for  dyes  16  and  17,  2  ml  for  the  restj  dyes  1-3  and  8-10  heated  for  45 
minutes,  the  rest  for  60  minutes. 
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Yield 


External  appearance 
(crystal  lizaiioii  sol¬ 
vent  and  aim.  In  ml 
per  g  of  dye) 


Calculated 
(Clo) 


IG*’ 

Green  prisms  i 

(GO'Yo  ale.,  20) 

ill— 212° 

604 

I  19.67 

C27H35O2N4S2I 

I  19.88 

15'’ 

Dark  green  prisms 
(50%  ale..  25) 

170 

588 

N8.ai, 

8.86 

C23H37O8N4S2GI 

N  8.96 

to'^ 

Red-brown  plates  1 

(50%  ale.,  30) 

167—168 

592 

N  8.84, 
8.76 

G29  If  3306^48201 

N  8.77 

40 

Blue  needles  - 

(ale. ,40) 

270—272 

598 

Br  12.78 

027^3104  N4S2Br 

Br  12.90 

26 

Reddlsli  brown  I 

prisms  (ale.) 

262—264 

578 

N  8.94. 
8.99 

C28B3304N4S2Br 

N  8.85 

19 

Greenish  blue 
needles  (ale.) 

215—216 

582 

Br  11.83 

C29»3504N4S2Br 

Br  11.90 

35 

Dark  green  needles 
(ale.,  30) 

243—245 

578 

N  9.17, 
9.06 

C27li3l04N4S2Br 

N  9.05 

28 

Bluish  green  prisms 
(ale.,  150) 

294—295 

583 

I  18.40, 
18.43 

C29B3.'>04N4S2  I 

I  18.28 

25 

Blue  prisms 
(ale.,  no) 

292—294 

565 

N  8.04. 
7.92 

C30H37O4N4S2I 

N  7.91 

33 

Blue  prisms 
(ale.) 

258—259 

568 

I  17.40. 
17.34 

C31H39O4N4S2  I 

I  17.57 

76 

Violet  prisms 
(CHjOH.dOO) 

210—212 

.592 

N  6.70 

C37H330oN4S4Br 

N  6.64 

48 

Lustrous,  green 
prisms 

(CH3OH.  300) 

250-252 

585 

N  6.52, 
6.37 

C39H430eN4S4Br 

N  6.44 

94 

Lustrous,  green 
prisms 
(ale.,  33) 

Lustrous,  dark  green 
prisms 

264—265 

564 

N  8.88 

027113102^482! 

N  8.83 

48 

232—234 

552 

N  9.03 

028113306N4S201 

N  9.03 

56 

(ale.,  200) 

Violet  prisms 
(ale..  80) 

233—234 

555 

N9.03 

029H3308N48201 

N  8.83 

74 

Lustrous,  blue- green 
prisms 

•(CH3OII.  200) 

280—282 

572 

N6.36 

C42H4207N485 

N  6.40 

75 

1 

Lustrous,  green 
prisms 
(ale.,  140) 

228—230 

568 

N6.43 

1  N  6.52 
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The  data  lii  Table  1  also  show  tliat  wlien  ilie  aniino  groups  in  G.O'-bis  (nictliylannno)  ihiacarhocyanines  are 
acylaied,  ilicre  is  a  considcral^ly  gieaicr  liypsochroinic  sliift  in  liic  absorption  niaximuni  than  in  the  case  of  6,6'- 
dianiino  derivatives  (-14  and  17  m/i  for  acetaniido  and  40  and  22  mp  ,  respectively,  for  p-tolucnesulfonaniido 
derivatives).  Replacement  of  tlie  liydrogen  atoms  at  the  nitrogen  atoms  of  6,G’-diacetamidotliiacarbocyanine 
acetamido  groups  by  methyl  groups  also  produces  an  appreciable  fall  in  the  basicity  of  tlie  dye.  These  observa¬ 
tions  indicate  tliat  there  is  definite  intra-  or  intermolecular  interaction  between  the  hydrogen  atom  at  tlie  nitrogen 
and  tlie  oxygen  atom  of  acylamino  groups  (see  [23j)  and  as  a  result  tlie  electron  acceptor  nature  of  tlie  acyl 
residue  is  appreciably  decreased. 


EXPERIMENTAL 

2-Methyl-6-p-toIuenesnlfonamidoben7.thia7,ole.  To  a  solution  of  3.28  g  of  2-methyl-6-aniinobenzthia7,ole 
In  16  ml  of  pyridine  was  added  4.08  g  of  p-toluenesulfonyl  chloride.  The  mixture  was  heated  for  1.5  hours  in  a 
flask  with  a  reflux  condenser  on  a  boiling-water  bath,  then  diluted  with  200  ml  of  water,  and  20  ml  of  hydro¬ 
chloric  acid  added  (d  1.19).  The  precipitate  was  collected  by  filtration  and  washed  with  water.  The  yield  was 
6.30  g  (99*70).  The  m.  p.  was  204*.  Rccrystallizaiion  from  alcohol  gave  slightly  gray  prisms  witli  ni.  p.  209  to 
210*  (204*  [lOj). 

2-MethvT-6-N-methyl-p-toluenesulfonamidobeii74hiazole.  Over  a  period  of  15  minutes  2.52  g  of  dimethyl 
sulfate  was  added  with  stirring  to  a  filtered  solution  of  3.18  g  of  2-mcthyl-6-p-toluenesulfonamidobcn7,thiazole 
and  0.8  g  of  sodium  hydroxide  in  20  ml  of  water  at  20-25°.  After  30  minutes,  a  solution  of  0.4  g  of  sodium 
hydroxide  in  10  ml  of  water  was  added  and  tire  precipitate  collected  and  washed  witli  water.  The  yield  was 
2.45  g  (737p).  'Elie  m.  p.  was  149-150°.  The  substance  formed  slightly  yellow  needles  (from  alcohol,  1  g  from 
20  ml).  The  m.  p.  was  160-160.5°  (150-160°  [lOj  ), 

2-Methyl-6-methylaminobenzthiazole.  A  solution  of  3,32  g  of  the  previous  compound  in  40  ml  of  hydro¬ 
chloric  acid  (d  1.17)  was  boiled  in  a  flask  with  a  reflux  condenser  for  2  hours,  then  diluted  with  100  ml  of 
water  and  made  alkaline  witli  a  30*7)  solution  of  sodium  hydroxide.  The  precipitate  was  collected  and  washed 
with  water.  The  weight  was  1.55  g.  The  m.  p.  was  92-93°.  A  further  0.15  g  of  substance  was  extracted  from 
the  filtrate  with  ether.  The  total  yield  was  1.70  g  (95%).  The  substance  formed  colorless  platelets  (from 
ligroin).  It  had  m.  p.  94-95*.  It  was  readily  soluble  in  alcohol,  benzene,  ether,  and  acetone,  and  more  difficultly 
so  in  ligroin. 

Found  *70:  N  15.68.  C5H10N2S.  Calculated  *7o;  N  15.73. 

The  picrate  formed  orange  prisms  (from  alcohol).  The  m.  p.  was  182-183*. 

2-Methyl-C-N-methylacetamidobenzthiazole.  A  mixture  of  1.07  g  of  2-metliyl-6-methylaminobenzthiazole 
and  0.82  g  of  acetic  anhydride  was  heated  for  30  minutes  on  a  boiling-water  bath,  diluted  witli  20  ml  of  water  and 
made  alkaline  with  potassium  carbonate  when  cool, to  precipitate  a  colorless  oil  whicli  gradually  crj'stallized.  The 
precipitate  was  collected  and  washed  witli  10  ml  of  water.  The  weight  was  1.00  g.  The  m.  p.  was  102-104°. 
Extraction  of  the  filtrate  with  ether  and  washing  the  e.xtract  yielded  a  further  0.25  g  of  base  with  m.  p.  98-100°. 
The  total  yield  was  1.25  g  (94%).  For  purification,  the  product  was  mi.xed  with  ether  (0.5  g  with  2  ml),  collected 
by  filtration  and  recrystallized  twice  from  ligroin  (0.3  g  from  3  ml).  Tlie  colorless  platelets  had  m.  p.  105-106*. 
The  substance  was  quite  readily  soluble  in  water,  very  readily  soluble  in  alcohol,  benzene,  and  acetone,  and  less  so 
in  etlier  and  ligroin. 

Found  *70;  N  12.67.  CUH12ON2S.  Calculated  *70;  N  12.73. 

6,6*-  Diacylamino- ,  5,5’-dimethoxy-G ,6* - diacylamino- ,  and  6 ,G'-bis (dimethy lamino)- thiacarbocyanines. 
These  dyes  were  prepared  by  heating  the  corresponding  substituted  2-methylbenzthiazoIes  witli  ctliyl  or  metliyl 
p-toluenesulfonaies  for  several  hours  in  a  flask  with  a  reflux  condenser  on  an  oil  bath.  Pyridine  and  the  ortlio- 
ester  of  carboxylic  acid  were  added  to  the  quaternary  salt  obtained  and  tlie  mixture  was  heated  for  a  definite  time 
on  an  oil  bath  at  130-135°.  The  reaction  mass  was  then  diluted  with  ether,  the  tarry  precipitate  dissoh'ed  in 
ethyl  or  metliyl  alcohol,  and  tlie  dye  isolated  by  the  addition  of  an  aqueous  solution  of  potassium  bromide  or 
iodide,or  sodium  perchlorate,  llic  3,3’-dicthyl-6,6'-di-(p-tolucncsulfonamido) iliiacarbocyanine  was  isolated 
as  die  p-toluenesulfonate,  which  precipitated  when  the  reaction  mixture  cooled. 


316 


Tlie  (lyes  were  purified  by  careful  washing  with  water  and  alcoliol  and  rccrystallization  from  ethyl  or  methyl 
alcohol  unill  a  constant  melting  point  was  obtained.  Some  preparations  were  purified  before  recrystallizaiioti  by 
chromaiograpliy  on  aluminum  oxide  in  a  cliloroform  solution.  Before  analysis,  the  dyes  were  dried  to  constant 
weiulit  in  vacuum  at  80-100*. 

Tlie  conditions  for  the  pieparation  and  the  yields  of  die  dyes,  their  properties  and  analysis  results  are  given 
in  Table  2. 

3,3’- Dietliyl-fi,G*-bis  (methylamino)  tliiacarbocyaninc  iodide.  A  sample  of  1.00  g  of  3,3*-dietliyl-6,6’-bls- 
(N- methyl- p-toluenesulfonamidol  tliiacarbocyanine  itxiide  was  dissolved  in  50  ml  of  33'vo  hydrochloric  acid  and 
the  mixture  boiled  in  a  flask  witli  a  reflux  condenser  for  1  hour.  The  solution  was  diluted  wltli  200  ml  of  water, 

10  g  of  potassium  iodide  added,  and  tlie  mixture  neutralized  with  aqueous  ammonia.  The  precipitate  was 
collected  and  washed  with  water,  alcohol,  and  ether.  The  yield  was  0.41  g  (GS'To).  The  dye  was  purified  by 
chromatography  on  aluminum  oxide  in  a  chloroform  solution  and  then  recrystallized  twice  from  alcohol  (l  g 
from  200  ml).  The  substance  formed  lustrous,  dark-blue  prisms  (containing  1  mole  of  C2H5OH).  The  m.  p. 
was  240-242*  (243.5*  [10]). 

Found  <yo:  N  9.32,  9.30.  C23H„N4S2l  •  CjHgOH.  Calculated  <7o;  N  9.40. 

3,3'- Diethyl- 5,5'-dlmethoxy-6, 6'- diaminothiacarbocyanine  iodide.  This  was  prepared  similarly  to  the 
above  dye  by  boiling  (20  minutes)  the  bromide  of  the  6,6'-diacetamido  derivative  (0.40  g)  with  20^7©  hydro¬ 
chloric  acid  (5  ml).  The  liquid  was  diluted  with  10  ml  of  potassium  iodide  solution  and  the  mixture  neutralized 
v/ith  ammonia.  The  yield  was  0.35  g  (9370).  Chromatography  of  the  substance  on  aluminum  oxide  and  two 
recrystallizations  from  alcohol  (1  g  from  425  ml)  yielded  lustrous,  dark-blue  prisms  (with  1  mole  of  C2H5OH) 
with  m.  p.  230-232*. 

Found  7o:  N  9.15,  9.04.  C23H27O2N4S2I  •  CjHgOH.  Calculated  7o:  N  8.92. 

3,3*- Diethyl- 5, 5'-dimethoxy-6,6*-bis (methylamino) thiacarbocyanine  iodide  was  prepared  by  boiling  a 
solution  of  0.60  g  of  3, 3’-dietliyl-5,5'-dimetfioxy-6, 6’- bis  (N- methyl-p-toluenesulfonamido)  thiacarbocyanine 
bromide  in  30  ml  of  377o  hydrochloric  acid  (30  minutes).  The  liquid  w'as  diluted  w'ith  a  solution  of  5  g  of 
potassium  iodide  in  150  ml  of  water  and  neutralized.  The  yield  was  0.30  g  il8°ic).  Purification  of  the  product 
as  above  and  recrystallization  from  alcohol  (1  g  from  375  ml)  gave  dark  green  prisms  (with  1  mole  of  C2H5OH) 
with  m.  p.  210-212* 

Found  7o:  N  8.60,  8.69.  C25H31O2N4S2I  •  C2H5OH.  Calculated  7o;  N  8.54. 

3, 3*-Diethyl-6, 6’-bis (N-methyl-N-acetylamino)  thiacarbocyanine  iodide.  A  sample  of  0.6  g  of  3,3*- 
diethyl-6,6'- bis  (methylamino)  thiacarbocyanine  iodide  was  heated  witli  2  ml  of  acetic  anhydride  on  an  oil  bath 
at  115-120*  for  15  minutes.  On  cooling,  the  liquid  was  diluted  with  ether  (50  ml),  the  tarry  mass  dissolved  in 
2  ml  of  alcohol,  and  10  ml  of  a  107o  potassium  iodide  solution  added,  but  no  precipitate  formed.  The  solution 
was  extracted  with  chloroform,  tlie  extract  dried  with  sodium  sulfate,  and  the  chloroform  removed  in  vacuum. 

The  weight  was  0.60  g  (867o).  The  lustrous  green  prisms  had  m.  p.  264-265*  (1  g  from  30  ml  of  alcohol).  A 
mixed  melting  point  with  the  dye  prepared  from  2- methyl- 6- N- methyl- N-acetylaminobenzthiazole  was  not 
depressed  (see  Table  2). 

3,3’-Dlethyl-5,5'-dimethoxy-6,6'-bis(N-methyl-N-acetylamlno)  thiacarbocyanine  iodide.  This  was 
prepared  analogously  to  the  previous  dye  by  Iieating  the  iodide  of  die  corresponding  mediylamino  derivative 
(0.08  g)  with  acetic  anhydride  (0.8  ml)  at  140*  (15  minutes).  After  the  solution  had  been  treated  with  ether 
the  precipitate  was  dissolved  in  alcohol  (2  ml)  and  die  dye  isolated  by  the  addition  of  10 7o  potassium  iodide 
solution  (2  nil).  The  yield  was  0.08  g  (887o).  The  substance  formed  bluish-green  prisms  (from  alcohol).  The 
m.  p.  was  294-295*.  A  mixed  melting  point  with  the  dye  prepared  from  2-methyl-5-methoxy-6-N-methyl-N- 
acetylaminobenzthiazole  was  not  depressed  (see  Table  2). 

The  absorption  spectra  of  all  the  dyes  in  a  1  •  10"^  M  alcoliol  solution  were  measured  on  an  SF-2  speciro-  , 
photometer. 
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s  U  M  M  A  UY 


1.  A  series  of  symmetrical  r),f>’-dimetho.\ytluacarbocyanines,  containing  free  or  substituted  amino  groups 
in  tlie  G.C  positions,  and  also  some  G.G'-p- tolucnesulfamido  and  6,G'-bis  (N-methyl-N-acylamino)  substituted 
dyes  of  this  class  were  syntlicsizcd. 

2.  It  was  sliown  tliat  in  tliese  dyes  all  the  above-mentioned  substituents,  with  the  exception  of  dimethylamino 
groups,  liave  an  additive  effect  on  tlie  color. 

Apparently,  the  lighter  color  of  5,b'-dimcthoxy-6,G’-bis  (dimetliylamino)  tliiacarbocyanines  is  connected  with 
steric  hindrance  to  a  planar  disposition  of  the  hetero  residues  and  substituents, and  as  a  result  lire  interaction  of  die 
latter  with  tlie  main  chromopliore  decreases. 

Steric  hindrance  to  electron  interaction  of  various  groups  depends  not  only  on  the  volume  of  the  latter,  but 
also  on  the  extent  of  this  interaction,  which  may  alter  die  disposition  of  the  groups  in  space. 

3.  It  was  noted  that  in  thiacarbocyanincs,  acylation  of  methylamino  groups  in  hetero  residues  produced  a 
considerably  greater  hypsochromic  shift  of  the  absorption  maximum  and  a  greater  decrease  of  the  dye's  basicity 
than  in  the  case  of  acylation  of  amino  groups.  In  this  connection,  a  hypothesis  was  put  forward  diat  the  weaker 
electron  acceptor  character  of  the  acyl  residue  in  die  acylamino  group  is  due  to  the  formation  of  ati  intra-  or 
intermolecular  hydrogen  bond. 
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In  previous  reports  [1-3],  we  investigated  the  reaction  of  mercuric  acetate  with  acetyl,  benzoyl,  and  meta- 
nlirobcnzoyl  peroxides  and  some  otlier  initiators  of  radical  processes.  It  was  shown  that  when  treated  v/ith 
peroxides,  mercuric  acetate  underwent  chain  decomposition  to  form  metltylmercury  compounds  in  quantitative 
yield.  In  the  present  work  we  continued  our  study  of  die  decomposition  of  mercuric  acetate  by  acetyl  peroxide 
in  order  to  obtain  new  data  on  the  reaction  mechanism.  In  addition,  we  investigated  tlie  reaction  of  acetyl 
peroxide  with  some  mercury  salts  of  inorganic  acids. 


EXPERIMENTAL 

Chemically  pure  grade  acetic  acid  was  used  without  further  purification.  "Pure"  grade  mercuric  acetate 
was  used.  Analytically  pure  grade  mercuric  sulfate,  chloride,  and  iodidt^and  mercurous  sulfate  and  chloride 
were  used.  An  acetic  acid  solution  of  acetyl  peroxide,  with  a  concentration  of  15-lG'’/o,  was  prepared  by  the 
procedure  wc  described  previously  [2J.  The  peroxide  content  of  tlie  solution  was  determined  iodometrically  [4] 
before  each  experiment. 

1.  The  reaction  of  mercuric  acetate  with  acetyl  peroxide  in  acetic  acid  at  97-98*  was  carried  out  in  a 
three- necked  250  ml  flask  fitted  witii  a  reflux  condenser,  a  dropping  funnel,  which  also  served  as  a  bubbler  for 
passing  air  tltrough  the  system,  and  a  stirrer  wiUi  a  seal.  A  spiral  trap,  cooled  with  a  mixture  of  solid  carbon 
dioxide  and  acetone,  and  three  absorption  tubes  witli  potassium  hydroxide  were  connected  to  the  top  of  the 
reflux  condenser.  The  gases  passing  through  the  system  were  collected  in  gas  burettes. 

A  solution  of  acetyl  peroxide  was  added  rapidly  to  a  heated  mixture  of  9.6  g  (0.03  mole)  of  mercuric 
acetate  and  100  ml  of  acetic  acid.  Heating  and  stirring  was  continued  for  2-2.5  hours  (gas  evolution  ceased 
90-100  minutes  after  the  addition  of  the  solution).  The  accumulation  of  gases  in  die  burettes  widi  time  was 
measured. 

At  die  end  of  the  reaction,  CO2  and  moisture- free  air  was  blown  through  the  system  to  flush  tlie  gaseous 
products  into  die  burette.  The  carbon  dioxide  yield  was  determined  from  the  increase  in  weight  of  die  potassium 
hydroxide  absorption  tubes.  Small  amounts  of  unabsorbed  carbon  dioxide  were  generally  present  in  die  gas 
collected.  These  amounts  were  also  taken  into  account.  The  experimental  results  are  given  in  the  table.  The 
gas  was  analyzed  with  a  V'iT-2  gas  analyzer  and  a  Kh-IM  chromothermographic  gas  analyzer  of  the  Gor’kii 
Scientific  Research  Institute  of  Chemistry. 

The  reaction  mixture  was  a  colorless  solution;  in  some  experiments  die  mixture  contained  a  precipitate 
of  mercurous  acetate  and  also  traces  of  metallic  mercury.  The  precipitate  was  collected  and  washed  with  acetic 
acid.  Tests  were  carried  out  with  KCl,  Kl,  and  NH^OM  to  confirm  die  presence  of  Hg2'*^  ion  and  the  absence 
of  Hg'^  ion.  A  test  for  acetate  ion  (formation  of  ediyl  acetate)  was  carried  out  in  individual  experiments. 
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Acetic  acid  was  removed  from  the  solution  in  vacuum.  The  residue  was  dissolved  In  water,  the  solution 
filtered  and  K1  added  to  it.  The  CH3Hyl  precipitate  was  washed  with  water;  the  m.  p.  was  143-144*  (from 
alcohol  and  eilier);  a  mi.xed  melting  point  with  pure  mctliylmercurlc  iodide  was  not  depressed.  Small  amounts 
of  methyl  acetate,  which  was  identified  by  its  physical  constants,  collected  in  tlie  spiral  trap. 


Reactions  of  Mercuric  Acetate  with  Acetyl  Peroxide  in  Acetic  Acid  at  97-98* 


Acetyl  peroxide 
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reaction  * 
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%  .of.  , 
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O.Oh 
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O.0O21 
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9.83 

o.8s:, 

0,0(175 

9.0 

93.7 

0 

0 

0.0373 
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0.(K)33 

2.3.5 

I.IS 

0.01 

0 

0 

0.0139 

0.0092 

0.0027 

26.1 

t.is 

0.01 

9.8 

95.4 

0 

0 

O.OKJt 

0.0(J85 

0.0023 

*  In  all  experiments  9.6  g  (0.03  mole)  of  mercuric  acetate  and  100  ml  of  acetic  acid 
were  taken. 

In  all  experiments  the  yields  of  methylmercury  compounds  were  close  to  quantitative  (93-95‘yo)  and  no 
mercuric  acetate  was  found  in  the  reaction  products;  a  small  amount  (3.8%  yield)  of  mercurous  acetate  was 
present  only  when  0.005  mole  of  acetyl  peroxide  was  used,  but  none  was  formed  with  greater  amounts  of  peroxide; 
a  small  amount  of  methyl  acetate  was  also  found. 

the  gas  evolved  consisted  of  COj,  methane,  and 
etiiane.  The  amount  cf  CO^  Incroaicd  widt  an  Lncrcase  in 
the  amount  of  acetyl  peroxide,  but  not  proportionately; 
with  double  the  amount  of  peroxide  the  CO2  yield  increased 
only  by  a  factor  of  1.4;  at  the  same  time  the  amount  of 
methane  increased  by  a  factor  of  4.  The  ethane  yield  did 
not  depend  on  tlte  amount  of  peroxide  taken.  The  amounts 
of  methane  and  etiiane  were  of  the  same  order.  With  0.005 
mole  of  peroxide  die  methane  and  ethane  yields  were 
practically  the  same. 

We  previously  studied  the  total  gas  evolution  rate 
[1,  2).  Here,  we  investigated  the  evolution  rate  of  hydro¬ 
carbon  gases.  An  examination  of  the  kinetic  curves  (see 

AVa 

figure)  shows  that  the  reaction  rate  (die  value  - “• ) 

A  T 

with  respect  to  die  sum  of  die  methane  and  ethane  depended 
on  the  amount  of  acetyl  peroxide;  An  increase  in  the  amount 
of  peroxide  in  a  ratio  of  1.0  ;1.5  ;  2.0  produced  an  increase 
in  die  hydrocarbon  evolution  rate  in  a  ratio  of  1.0  ;  2.4: 2.7, 
respectively.  This  relation  is  similar  to  the  previously 
established  [1,  2J  relation  of  die  total  gas  formation  rate 
to  die  amount  of  acetyl  peroxide.  The  form  of  the  curves  for  hydrocarbon  yield  is  the  same  as  diat  for  the 
total  gas  yield;  a  linear  section  is  clearly  seen  in  both  cases. 

2.  Reaction  of  mercuric  sulfate  with  acetyl  peroxide  in  acetic  acid  at  97-98*.  Over  a  period  of  10- 15 
minutes  12.0  g  of  an  acetyl  peto.\ide  solution  (approximately  2.4  g  of  pure  peroxide,  or  0.02  mole)  was  added 
to  a  mixture  of  30.0  g  of  HgS04  and  150  ml  of  acetic  acid  at  room  temperature  widi  constant  inLxing.  The 


The  effect  of  the  amount  of  original  acetyl 
peroxide  on  the  rate  of  evolution  of  saturated 
hydrocarbons.  Acetyl  peroxide  (in  moles); 

1)  0.005;  2)  0.0075;  3)  0.01. 
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mixture  was  ilicn  heated  on  a  boiling-water  bath  for  0  hours,  by  wliie.h  time  a  test  for  peroxide  was  negative. 

The  reaction  mixture  was  filtered  and  the  precipitate  divided  Itito  two  parts  by  decantation.  First  pari:  1.02  g 
of  Hg2.S04  (test  for  Hg2^^  and  SO^""  ),  l.O.h’o  yield  on  mercury  salt;  second  part;  26.78  g  of  HgSO^  (test 
for  Hg^  and  804'"),  89.n7n  yield  on  mercury  salt. 

The  filtrate  was  diluted  witli  water  to  500  ml.  KI  was  added  to  200  ml  of  the  solution  to  precipitate 
0.21  g  of  Cil3Hgl,  with  m.  p.  144*.  A  mixed  melting  point  was  not  liepressed.  The  yield  was  1.61%  on  tlie 
acetyl  peroxide  taken. 

3.  'rite  rcactioti  of  mercitric  cliloride  wiiti  acetyl  peroxide  iti  acetic  acid  at  97-98*  was  carried  out  as 
descilbed  itt  2.  We  took  9.9  g  of  HgCl2,  To  g  of  acetyl  peroxide  solutioti  (2.04  g  of  pure  peroxide)  and  150  ml 
of  acetii:  ar  id. 

Filtration  of  tfic  cooled  reaction  mixture  yielded  0.18  g  of  mercuric  chloride  (test  for  Hg''^  and  Cl~  lotis). 
Otily  Hg*^  and  Cl"  ions  were  detected  in  tiie  soltitioti;  tio  mctJiyl mercury  derivatives  or  mercurotts  salts  were 
found. 

4.  Tlie  reaction  of  mercttric  iodide  with  acetyl  pcioxidc  in  acetic  acid  at  97-98*  was  carried  out  as 
described  in  2.  We  took  15.0  g  of  iigl2t  10.0  g  of  acetyl  peroxide  solution  t2.04  g  of  pitre  peroxide),  and 
1  50  ml  of  acetic  acid. 

After  cooling,  the  reaction  mixture  was  filtered.  A  red  precipitate  of  Hgl2  remained  on  tlie  filter;  its 
weight  was  11.4  g  (IG.6%  of  starting  salt).  The  filtrate  was  diluted  witli  water  to  500  ml.  Kl  was  added  to 
250  ml  of  the  sohttion  to  precipitate  0.29  g  of  ai3Hgl  with  m.  p.  143-144°  (from  acetone).  A  mixed  melting 
point  with  pure  methylmercuric  iodide  was  not  depressed.  The  yield  was  9.8%  on  the  acetyl  peroxide  taken. 

5.  'File  reaction  of  mercurous  sulfate  witli  acetyl  peroxide  in  acetic  acid  at  97-98*  was  carried  out  as 
described  in  2.  We  took  10.0  g  of  Hg2804,  10.0  g  of  acetyl  peroxide  solution  (2.5  g  of  pure  peroxide)  and 
150  ml  of  acetic  acid. 

nie  cooled  reaction  mixture  yielded  a  precipitate  of  8.83  g  of  mercurous  sulfate  (test  for  Hg2‘’^  and 
SO4'").  The  yield  was  88.8%  of  tlie  original  salt.  Traces  of  metallic  mercury  were  also  detected.  The 
filtrate  was  diluted  with  water  to  500  ml.  Kl  was  added  to  200  ml  of  solution.  We  obtaitied  a  precipitate  of 
0.28  g  of  ai3MgI  with  in.  p.  143-144*.  A  mixed  melting  point  widi  pure  mediylmercuric  iodide  was  not 
depressed.  The  yield  was  9.6b%  on  the  acetyl  peroxide  taken. 

6.  Tlie  reaction  of  mercuroii.s  chloride  with  acetyl  peroxide  In  acetic  acid  at  97-98“  was  carried  out  as 
described  in  2.  We  took  10.0  g  of  Hg2Gl2,  10.0  g  of  acetyl  peroxide  solutioti  (2,5  g  of  pure  peroxide)  and 
150  ml  of  acetic  acid. 

The  reaction  mixtttre  yielded  9.32  g  of  mercurous  chloride  (test  for  and  Cl").  The  filtrate  yielded 

O.OG  g  of  a-iaHgl  (m.  p.  143°).  The  yield  was  0.83'yo  on  the  acetyl  peroxide  taken. 


SUMMARY 

1.  Acetyl  peroxide  reacted  with  mercuric  acetate  in  acetic  acid  to  give  the  following  reaction  products: 
meiliy Imercuric  acetate,  i-arboii  dioxide,  methane,  and  etliane.  The  methylmercuric  acetate  yields  were  very 
close  to  quantitative. 

2.  The  reactions  of  acetyl  peroxide  with  mercuric  sulfate,  chloride,  and  iodide  and  with  mercurotts  sulfate 
and  chloride  were  investigated.  The  formation  of  stnall  amottnts  of  niethylmercury  cotnpounds  in  all  cases, 
except  lot  that  of  mercuric  cltJoiide,  was  demonstrated. 
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PHOTOCHEMICAL  REACTIONS  OF  MERCUROUS  ACETATE  AND 


MERCURIC  ACETATE  AND  PROPIONATE 
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G.  A.  Razuvaev  and  one  of  us  have  previously  described  tire  photodecarboxylation  of  mercuric  acetate, 
propionate  [1],  and  benzoate  [2]  in  certain  solvents  at  the  boiling  points  of  the  latter  with  the  formation  of 
orga  nometal  lie  compounds  of  the  type  RHgOCOR,  Their  yields  depended  on  tire  nature  of  the  solvent.  However, 
tire  data  given  were  of  a  preliminary  character.  In  tlie  present  work,  we  investigated  the  photochemical  reactions 
of  mercuric  acetate  in  benzene,  acetic  acid  and  mixtures  of  tlrem;  of  mercurous  acetate  in  acetic  acid  ;  and 
mercuric  propionate  in  benzene  and  propionic  acid.  The  reactions  were  carried  out  in  boiling  solvent. 

It  was  noted  In  [1]  tliat  even  after  mercuric  acetate  had  been  irradiated  in  boiling  benzene  for  8  hours, 
only  a  small  part  of  the  starting  salt  was  decarboxylated.  The  bulk  of  tire  mercuric  acetate  remained  un¬ 
changed.  In  the  present  work,  we  achieved  complete  reaction  by  stirring  the  whole  reaction  mixture;  there 
was  no  original  mercuric  acetate  in  the  reaction  products  and  die  yield  of  methylmercuric  acetate  was  2>A"]o. 

The  second  product  was  mercurous  acetate  (about  62%).  The  gas  evolved  was  found  to  contain  CO2,  metliane, 
ethane,  and  carbon  monoxide.  Metallic  mercury  and  benzene  mercuration  products  were  absent  (see  table). 

Experiment  3  was  carried  out  in  an  atmosphere  of  CO2  in  order  to  elucidate  the  effect  of  air  on  the  course 
of  the  photoreaction.  The  results  were  practically  the  same;  only  a  slight  decrease  in  the  methane  yield  and 
an  increase  in  CO  yield  was  noted. 

The  course  of  tlie  photoreaction  of  mercuric  acetate  in  benzene  was  followed  by  die  evolution  of  gas.  The 
irradiation  was  continued  until  gas  evolution  ceased.  If  irradiation  was  stopped  in  the  middle  of  the  process 
(experiment  4)  the  evolution  of  gas  also  ceased,  although  the  reaction  mixture  continued  to  boil;  a  considerable 
portion  of  die  starting  mercury  salt  had  not  reacted.  The  yields  of  all  die  reaction  products  were  lower  dian 
when  irradiation  was  continued  until  gas  evolution  ceased. 

The  data  obtained  indicate  diat  under  the  experimental  conditions  mediylmercurlc  acetate  and  mercurous 
acetate  are  stable  to  irradiation  in  boiling  benzene. 

The  addition  of  acetic  acid  to  the  benzene  promoted  photoclecarboxylatlon  of  mercuric  acetate  so  that  the 
reaction  time  fell  and  die  methylmercuric  acetate  yield  increased  (widi  a  corresponding  decrease  in  the  mer¬ 
curous  acetate  yield).  Metallic  mercury  was  present  in  die  reaction  products.  The  addition  of  a  larger  amount 
of  acetic  acid  produced  a  greater  change  in  die  reaction  in  die  given  direction  (experiments  5  and  6). 

Irradiation  of  mercuric  acetate  in  boiling  acetic  acid  gave  a  66%  yield  of  methylmercuric  acetate.  The 
odier  reaction  products  were  metallic  mercury  (31.6%),  CO2,  methane,  ethane,  and  CO  (experiment  7).  No 
mercuric  and  mercurous  acetates  were  present.  If  irradiation  was  stopped  when  original  mercuric  acetate  was 
still  present  in  die  reaction  mixture,  gas  evolution  continued  for  some  time  after  die  lamp  was  switched  off 
(die  mixture  was  kept  boiling).  The  methylmercuric  acetate  and  gaseous  reaction  product  yields  were  somewhat 


lower  in  il>Is  experiment  (No.  8)  than  In  experiment  7j  35%  of  the  mercuric  acetate  did  not  react.  Metallic 
merc\iry  was  absent.  Tlie  mercurous  acetate  yield  was  lO.b'/o. 

A  comparison  of  the  mercurous  acetate  yields  in  experiments  7  and  8  indicates  lliat  the  mercurous  acetate 
first  formed  decomposed  under  further  Itradiatlon  in  acetic  acid.  We  Investigated  the  photoreaction  of  mer¬ 
curous  acetate  in  acetic  acid  in  order  to  study  the  decomposition  of  tlie  acetate.  Metliylmercuric  acetate  and 
metallic  mercury  were  found  in  the  reaction  products;  die  gas  evolved  consisted  of  COj,  mcdiane,  ethane, 
and  CO.  A  comparison  of  the  methylmerctirlc  acetate  and  metallic  mercury  yields  In  experiments  9  and  10 
indicate  that  die  rnethylmercuric  acetate  formed  in  the  reaction  decomposed  under  furdier  irradiation  to  yield 
metallic  mercury.  In  this  case,  an  Increase  in  gaseous  products  was  observed. 


Photochemical  Reactions  of  Mercurous  Acetate  and  Mercuric  Acetate  and  Propionate 
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Reaction  of  9.6  g  (0.03  mole)  of  mercuric  acetate  in  benzene,  acetic  acid  and 
mixtures  of  them 
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Reaction  of  7.8  g  (0.015  mole)  of  mercurous  acetate  in  acetic  acid 
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Reaction  of  10.4  g  (0.03  mole)  of  mercuric  propionate  in  benzene  and  in 

propionic  acid 
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*  Experiment  3  was  carried  out  in  an  atmosphere  of  CO2. 


When  the  mercurous  acetate  was  irradiated  for  a  sliorter  time  (experiment  11),  a  considerable  part  of  the 
original  salt  (18%)  did  not  react.  The  metallic  mercury  yield  was  less  and  that  of  rnethylmercuric  acetate 
greater  than  in  experiments  9  and  10.  Mercuric  ions  were  also  detected  in  the  reaction  products. 

The  same  general  rules  as  observed  for  mercuric  acetate  applied  to  the  irradiation  of  mercuric  propionate 
in  benzene  and  in  propionic  acid.  The  photoreaction  of  mercuric  propionate  in  benzene  gave  etliylmercuric 
propionate  (approximately  30%)  and  mercurous  propionate  (68%).  They  were  stable  to  further  Irradiation  in 
benzene  (under  die  experimental  conditions);  after  3-3.5  hours  irradiation,gas  evolution  ceased.  The  gas  con¬ 
tained  CO2,  ediane,  ediylene,  butane,  and  carbon  monoxide  (experiments  12  and  13). 
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Irradiation  of  mercuric  propionate  in  propionic  acid  gave  metallic  mercury  and  eiliylmercuric  propionate. 
The  yield  of  tlie  latter  reached  68%.  The  same  products  were  found  in  the  gas  as  from  tlie  reaction  in  ben/.ene 
(see  table).  The  formation  of  CO  was  observed  only  after  prolonged  irradiation.  With  a  shorter  Inadiatlon 
period,  the  reaction  products  contained  the  starting  mercuric  propionate  and  mercurous  propionate  (experiment 
17).  A  comparison  of  tlie  yields  of  ethylmercuric  propionate,  mercurous  propionate,  and  metallic  mercury  in 
experiments  14-17  Indicates  tliat  when  irradiated  further  in  propionic  acid,  ethylmercuric  propionate  and 
mercurous  propionate  decomposed  to  form  metallic  mercury. 

On  the  basis  of  die  products  obtained,  die  course  of  the  reactions  studied  may  be  represented  by  the  following 
scheme: 


HCOOHgOCOn  ^  RCOO  •  +  .MgOCOR 
(n  =  cii,  or  C,ih) 


RCOO.  ->  R.  -f  CO2 

R.-f.HgOCOR  — >  RllgOCOR 
R  .  +  RCOOHgOCOIl  RllgOCOR  -f-  RCOO  • 

R.  4-  RMl  — y  Rll  4-  R'. 

(where  R'H  =  a  hydrogen- containing  compound) 


2R 


2  -llgOCOR 


(fox  R  =  C,H,) 

IIg2(OCOR)2 


IIg2(OCOR)2  Hg+  llg(OCOR)2 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 


When  irradiated,  a  diacyloxymercury  molecule  decomposes  to  give  RCOO'  and  ’HgOCOR  radicals.  At  a 
high  temperature  the  acyloxy  radical  decomposes  to  CO2  and  an  alkyl  radical  [3]  [by  Eq.  (2)].  An  alkylraercttric 
salt  may  form  by  the  combination  of  R*  and  -HgOCOR  radicals.  The  radical  R*  may  react  widi  diacyloxy- 
mercury  by  Eq.  (4),  producing  chain  decomposition  of  the  latter  [4,  5]j  die  existence  of  such  a  reaction  is  con¬ 
firmed  by  die  fact  that  gas  was  evolved  after  irradiation  had  been  stopped.  An  alkyl  radical  may  abstract 
hydrogen  from  the  solvent  or  mercury  salt  [Eq.  (5)]  to  form  the  corresponding  alkanes  (mediane  or  ethane)  and 
may  also  dimerize  to  give  ethane  or  butane  [Eq.  (6)].  An  ethyl  radical  may  disproportionate  to  give  ediane  and 
ediylene  [Eq.  (7)].  Two  ‘HgOCOR  radicals  dimerize  to  give  die  corresponding  mercurous  salt.  iTie  mercurous 
salt  undergoes  photolysis  in  an  acid  medium  (acetic  or  propionic)  to  form  metallic  mercury  and  a  mercuric 
salt  [Eqs.  (8)  and  (9)]. 

The  fact  that  the  yield  of  alkylmercuric  salt  in  the  presence  of  acid  was  higher  than  in  benzene  may  be 
explained  in  the  .same  way  as  before  [6J. 

The  formation  of  carbon  monoxide  in  die  reactions  described  may  be  explained,  apparently,  by  decom¬ 
position  of  die  acyloxy  radical  [7J. 


RCOO  •  — >  RCO  .  -1-  1/2O2 

RCO  .  R  .  4-  CO  (11) 

EXPERIMENTAL 

The  experiments  were  carried  out  in  a  quartz  flask  wldi  a  reflux  condenser  and  a  bubbler.  A  quartz  tube, 
in  which  was  placed  a  PRK-4  mercury- quartz  lamp,  was  sealed  horizontally  into  die  flask.  An  amount  of 
mercury  salt  equivalent  to  0.03  g-at  of  mercury  and  150  ml  of  solvent  were  placed  in  the  flask;  the  level  of 
die  reaction  mixture  was  above  die  inserted  tube.  The  mixture  was  heated  to  boiling  and  die  PRK-4  lamp  dien 
switched  on  (the  voltage  was  kept  constant  widiln  ±  3  v).  The  heat  evolved  by  die  lamp  was  sufficient  to  keep 
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tile  solvent  hollingi  however,  to  ensure  mixing  of  the  whole  mass,  external  heailnj*  was  not  eliminated  com¬ 
pletely  lint  only  reduced.  The  j;as  evolved  was  collected  In  a  gas  burette  connected  to  the  reflux  condenser. 

After  an  Irradiation,  C()2  and  moisture- free  alt  was  blown  dirongh  the  system  to  flush  all  the  gaseous  reaction 
products  Into  tlie  burette.  A  V  ri-2  gas  analyzer  and  a  Kh-IM  chromaihermograjililc  gas  analyzer  of  tlie 
Gor’kii  Scientific  Research  Institute  of  Chemistry  were  used  to  determine  the  gas  composition. 

1.  Tile  photoreaction  of  mercuric  acetate  In  benzene  and  In  a  mixture  of  benzene  and  acetic  acid  was 
continued  until  gas  evolution  ceased.  After  irradiation,  tlie  reaction  mixture  was  cooled  and  filtered}  the 
precipitate  was  washed  with  benzene.  The  mercurous  and  mercuric  acetate  contents  of  tlte  precipitate  were 
determined.  Tlie  benzene  solution  was  extracted  witli  watcr.and  treatment  of  the  aqueous  solution  with  KI 
gave  a  precipitate  of  meihylmcrcurlc  iodide  with  m.  p.  143-144*  (from  alcohol  and  etlier);  a  mixed  melting 
point  with  authentic  methyl  mercuric  iodide  was  not  depressed.  Metallic  mercury  was  one  of  the  reaction 
products  in  experiments  in  benzene  with  acetic  acid  added.  No  phenylmercuric  compounds  were  found. 

2.  Photoreaction  of  mercuric  acetate  in  acetic  acid.  The  reaction  mixture  was  cooled  and  the  solution 
separated  from  metallic  mercury  and  precipitate  (when  present).  The  precipitate  was  examined  for  mercurous 
and  mercuric  salt  content.  The  acetic  acid  was  removed  from  the  acetic  acid  solution  in  vacuum.  The  residue 
was  treated  wltli  benzene;  In  some  experiments,  this  gave  a  precipitate  which  was  likewise  examined  for 
mercurous  and  mercuric  salt  content.  A  precipitate  of  metltylmercuric  iodide  was  obtained  from  the  benzene 
solution  as  above. 

In  experiments  where  irradiation  was  stopped  when  a  considerable  amount  of  tlie  original  salt  still  remained 
in  the  reaction  mixture,  gas  evolution  continued  for  a  furtlier  10-15  minutes  (wltli  the  reaction  mixture  boiling). 

3.  Photoreaction  of  mercurous  acetate  in  acetic  acid.  Metallic  mercury  was  separated  from  the  reaction 
mixture  and  waslied  witlt  acetic  acid  and  water.  The  acetic  acid  was  removed  from  the  acetic  acid  solution  in 
vacuum;  die  precipitate  was  dissolved  in  water  and  treatment  of  it  widi  KI  gave  metliylmercuric  acetate. 

In  experiment  11,  die  reaction  mixture  contained,  in  addition  to  mereury,  a  precipitate  of  unchanged  salt. 
The  precipitate  was  separated  from  the  mercury  by  solution  in  dilute  nitric  acid;  the  mercurous  salt  was 
precipitated  from  the  solution  as  mercurous  chloride.  The  bulk  of  the  solvent  was  removed  from  the  acetic 
add  solution  of  the  feaction  mixture  in  vacuum.  Cooling  the  residue  gave  a  precipitate  of  mercurous  acetate, 
which  was  removed  I  y  filtration.  The  filtrate  was  diluted  widi  water  and  treatment  with  KI  precipiuted 
mediylmercurlc  iodide;  Hg"^  ions  were  also  found  in  die  modier  solution. 

4.  The  photoreaction  of  mercuric  propionate  in  benzene  was  continued  until  gas  evolution  ceased.  The 
reaction  mixture  was  filtered.  The  precipitate  was  mercurous  propionate;  it  did  not  contain  Hg"”"  ions.  The 
benzene  was  removed  from  die  benzene  solution.  The  residue  was  dissolved  in  methanol;  the  solution  was 
diluted  with  water  and  treatment  with  KI  gave  a  precipitate  of  ethylmercuric  iodide  with  m.  p.  179-180*  (after 
sublimation). 

5.  Photoreaction  of  mercuric  propionate  in  propionic  acid.  Metallic  mercury  was  separated  from  the 
reaction  mixture.  The  solvent  was  removed  from  die  propionic  acid  solution  in  vacuum.  The  residue  was 
dissolved  in  water  and  treatment  with  KI  gave  a  precipitate  of  ediylmercurlc  iodide  widi  m.  p.  179-180’  (after 
sublimation). 

In  Experiment  17,  Irradiation  was  stopped  after  45  minutes.  The  hot  solution  was  separated  from  die  pre¬ 
cipitate  of  metallic  mercury  and  cooled  widi  water  and  snow.  The  precipitate  w'as  mercurous  propionate;  it 
did  not  contain  Hg"*^  ions  (tests  widi  KI,  KCl,  and  NH4OH).  Under  the  above  treatment,  the  propionic  acid 
solution  yielded  ediylmercurlc  iodide  with  m.  p.  179-180*  (after  purification).  Treatment  of  die  mother 
solution  with  hydrogen  sulfide  yielded  a  precipitate  of  HgS. 


S  U  M  M  A  RY 

1.  In  a  pliotoreaction  in  benzene,  mercuric  acetate  and  propionate  form  organo  metal  lie  compounds  of  the 
type  RUgOCOR  and  mercurous  salts  in  30-34  and  60-68*70  yields,  respectively.  The  addition  of  acetic  acid  to 
the  benzene  promotes  die  photoreaction  of  mercuric  acetate. 
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2.  The  compounds  Wlp,(X:OR  and  HgjCOCOfOz  stable  to  Irradiation  in  benzene. 

3.  Photoreactions  of  mercurous  and  mercuric  acetates  in  acetic  acid  and  mercuric  propionate  In  propionic 
acid  give  compounds  of  die  type  RHgOCOR  and  metallic  mercury.  The  yields  of  organometallic  compounds 
reach  GG-G8'yo. 

4.  A  study  of  the  composition  of  tlie  gases  evolved  showed  that  In  pliotoreactlons  of  mercurous  and 
mercuric  acetates,  the  gas  consists  of  COj,  methane,  etlianc,  and  CO|  in  photoreactions  of  mercuric  propionate 
the  gas  consists  of  CO2,  ethane,  etitylene,  butane,  and  CO, 

5.  Pliotoreactlons  of  mercuric  salts  of  aliphatic  acids  may  be  used  as  a  convenient  method  for  the  synthesis 
of  methyl  mercuric  salts. 
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In  a  previous  report  [1]  we  demonstrated  the  particular  effect  of  two  benzyl  groups  on  the  stability  of  the 
acid  chlorides  of  N,N-dibenzyl-a- amino  acids.  It  seemed  interesting  to  study  other  phenomena  connected 
wltlt  the  presence  of  a  tertiary  nitrogen  atom  in  a  peptide  molecule.  This  required  the  synthesis  of  a  series  of 
N,N-dibenzylpeptides  with  different  amino  acid  compositions,  which  was  done  in  the  present  work. 

The  N,N-dibenzylpeptides  were  prepared  from  mixed  anhydrides  and  ethyl  chlorocarbonate  by  the  procedure 
of  L.  Velluz  [2].  The  syntliesis  was  canled  out  by  the  scheme: 


iso  -C4H9 


O 


(CoH5GH2)2NCnCOOn 

I 

iso  -C4H9 
R 

HCl  •  H.NCHCOOAIk 


ClCOOC,H, 


(C6HsCH2)2NCHC 
H5C2O 

R 


c' 


iso  -C4H9 

I  I 

{C6H5CH2)2NCHCONHCHCOOAlk  + 


+  CO2  4-  C2H5OH  4-  (C2H5)3N  .  HCl 


The  mixed  anhydride  of  N,N-dibenzylIeuclne  was  coupled  with  esters  of  amino  acid  or  peptides  in  chloroform. 
This  yielded  compounds  \vhich  were  homogeneous  chromatograpliically  and  electrophoretlcally.  In  paper 
elecuophoresis  in  30%  acetic  acid  solution  with  a  potential  gradient  of  6.6  v/cm,  the  substances  moved  the 
distances  shown  in  Table  1.  The  elecuophoregrams  were  developed  with  benzidine  by  tlte  procedure  in  [3]. 

The  synthesis  of  two  compounds  (N,N-dibenzylleucylphenylalanine  and  N,N-dibenzylleucylglycylglycine) 
convinced  us  of  tlie  ease  of  preparing  N,N-dibenzylpeptides  from  their  esters.  In  the  preparation  of  die  ethyl 
ester  of  N,N-dibenzylleucylpheuylalauinc  by  L.  Velluz's  mediod  [2],  we  were  unable  to  crystallize  die  product 
using  die  purification  method  proposed  by  the  audior.  The  substance  could  be  obtained  in  a  crystalline  form 
only  after  hydrolysis  to  N,N-dlbenzylleucylphenylalanlne  (m.  p.  145*), 

Due  to  the  fact  that  N,N-dibenzylleucine  dissolves  readily  in  organic  solvents  while,  wldi  an  Increase  in 
the  number  of  peptide  residues,  its  peptides  dissolve  less  readily,  N,N-dlbenzylpcptides  may  be  syndicsized 
without  isolation  of  dieir  esters  in  a  crystalline  form  and  diey  may  be  freed  from  die  starting  materials  readily, 
an  operation  whicli  presents  the  greatest  difficulty  in  die  synthesis  of  peptides  by  die  mediod  of  Boissonas  [4J. 
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N.N-DIbenzyldlpeptidcs  are  readily  separated  from  inorganic  salts  by  washing  with  water  as  the  former  are 
water  insoluble. 


TABLE  1 


Co'tipound 

Distance  (in  cm)  (to  cathode) 

3  hours 

4.5  hours 

7  hours 

N,N-Dibenzylleuclne 

1. 2-1.5 

2.8 

3.5 

Metliyl  ester  of  N,N-dibenzylleucyl- 

glycine 

2.6 

5.2 

7.0 

Methyl  ester  of  N,N-dlbenzylleucyl- 

alanine 

2.6 

5.0 

6.2 

Etliyl  ester  of  N,N-dlbenzylleucyl- 

phenylalanine 

2.6 

4.6 

6.0 

Ethyl  ester  of  N,N-dibenzylleucyl- 

glycylglyclne 

3.2 

— 

— 

Methyl  ester  of  glycine 

6.4 

— 

— 

Etliyl  ester  of  phenylalanine 

4.8 

— 

— 

Ethyl  ester  of  glycylglyclne 

6.4 

We  demonstrated  tire  readiness  with  wliich  the  dibenzyl  blocking  group  is  removed  by  the  preparation  of 
leucylphenylalanine.  Hydrogenation  of  N,N- dibenzylleucylphenylalanine  at  50-60*  over  Pd  black  in  acetic 
acid  gave  a  free  dipeptide  in  yield. 

The  constants  and  yields  of  the  compounds  prepared  are  given  in  Table  2. 


TABLE  2 


Substances  prepared 

Yield  (in  <1o) 

Melting  point 

Metliyl  ester  of  N,N-dibenzyl- 

leucylglycine 

Metliyl  ester  of  N,N-dibenzyl- 

80 

80-82* 

leucylalanine 

Etliyl  ester  of  N,N- dibenzyl- 

84 

102-105 

leucylphenylalanine 

Etliyl  ester  of  N,N- dibenzyl- 

75 

87-88 

leucylglycylglycine 

Methyl  ester  of  N,N-dlbenzyl- 

64 

115 

lettcylphcnylalanylglycine 

76 

154 

N.N- Dlbcnzylleucylphenylalanine 

74 

145 

N,N-Dibeiizyllettcylglycylglycine 

95  (from  its 

ester 

165 

A  biuret  reaction  witlt  N^-dibcnzyltripepiides  showed  that  these  compounds  form  two  types  of  copper 
complex:  red  and  blue  (Xniax  respectively). 

The  character  of  tlie  light  absorption  of  an  N,N-dlbenzyltrlpeptide  depends  on  the  presence  of  a  terminal 
tertiary  nitrogen  atom  in  tlic  peptide  molecule  and  on  the  various  amounts  of  alkali  used  in  the  biuret  reaction. 
This  observation  will  be  die  subject  of  our  next  investigation, 

EXPERIMENTAL 


Metliyl  ester  of  N,N-dibcnzyIleucylglycinc.  A  sample  of  1.55  g  of  N,N-dibcnzyllcuclne  and  0.69  ml  of 
trletltylamine  were  dissolved  in  15  ml  of  anliydrous  chloroform  and  cooled  to  —10*.  Ethyl  chlorocarbonate 


(0.48  ml)  was  added  and  the  solution  kept  at  0*  for  30  minutes.  A  solution  of  0.68  g  of  tlic  hydrochloride  of 
glycine  methyl  ester  and  0.69  ml  trlethylamlne  In  30  ml  of  chloroform  were  added  to  tlie  mixed  anhydride 
solution.  The  mixture  was  shaken  for  10-15  minutes  at  0*  and  left  overnight  at  room  temperature.  The  chloro¬ 
form  was  removed  and  the  residual  crystalline  substance  treated  with  dilute  hydrochloric  acid,  washed  with 
water,  shaken  wltli  a  2  N  sodium  carbonate  solution  for  4-6  hours,  and  then  washed  again  with  water.  Tlie 
substance  was  dried  In  a  Fischer  pistol  over  acetone.  The  yield  was  1.5  g  (80*70).  M,  p.  80-82*.  For  analysis, 
the  substance  was  repreclpltated  wltli  water  from  acetone  and  dloxane. 

Found-yo:  C  71.89,  71.84j  H  8.79,  8.72.  C23H30O3N2.  Calculated  *70:  C  72.26j  H  7.85.. 

The  methyl  ester  of  N,N-dlbenzylleucylglycine  was  a  white  crystalline  substance  which  dissolved  In  all 
organic  solvents,  Including  ligroin  and  cyclohexane.  It  was  completely  Insoluble  in  water,  hydrochloric  acid, 
and  aqueous  solutions  of  alkali  and  sodium  carbonate.  Ninhydrin  and  biuret  reactions  were  negative.  The 
hydrolysis  of  the  substance  in  20*70  hydrochloric  acid  solution  was  investigated  chromatographically  with  the 
system  butanol-  water—  acetic  acid  (4:5  :l)  and  two  substances  were  found;  glycine  (Rf  0.07)  and  N,N- 
dibenzylleuclne  (Rf  0.95). 

The  methyl  ester  of  N,N-dibenzylleucylalanine.  The  substance  was  prepared  similarly  to  the  previous  one 
from  3.1  g  of  N,N-dibenzylleucine,  1.38  ml  of  trlethylamlne  and  0.96  ml  of  ethyl  chlorocarbonate  in  30  ml 
of  anhydrous  chloroform.  The  mixed  anhydride  obtained  was  coupled  with  2.1  g  of  the  hydrochloride  of  alanine 
methyl  ester  in  the  presence  of  2.07  ml  of  trlethylamlne  in  125  ml  of  anhydrous  chloroform.  The  substance  was 
isolated  and  treated  as  in  die  first  case.  The  material  was  freed  from  traces  of  N,N-dlbenzylleucine  by  washing 
with  10-15  ml  of  etlier.  The  yield  was  3.5  g  (85'7o){  the  m.  p.  was  102-105*. 

Found  <7o:  C  69.72,  69.62;  H  8.12,  8.16.  C24H3203N2*H20.  Calculated  <7o;  C  69.54;  H  8.27. 

The  dipeptide  ester  was  a  white,  crystalline  substance  which  was  soluble  in  chloroform,  ethyl  acetate, 
benzene,  and  methanol;  it  was  Insoluble  in  water,  hydrochloric  acid,  and  solutions  of  alkali  and  sodium  car¬ 
bonate. 

The  ethyl  ester  of  N,N-dibenzylleucylphenylalanine  was  prepared  similarly  to  the  previous  compound 
from  1.55  g  of  N,N-dibenzylleucine,  0.69  ml  of  triethylaminc  and  0.96  ml  of  the  ethyl  chlorocarbonate  in 
15  ml  of  anliydrous  chloroform.  The  mixed  anhydride  was  mixed  with  a  solution  of  1.6  g  of  the  hydrochloride 
of  phenylalanine  ethyl  ester  and  1.03  ml  of  triethylamine  in  80  ml  of  chloroform.  It  was  treated  as  in  the 
previous  case.  The  yield  was  1.8  g  (75*7o);  m.  p.  87-88*. 

Found  <7o;  C  75.9,  75.9;  H  7.81,  7.99;  N  5.87,  6.01.  C3iH3803N2.  Calculated  *7);  C  76.5;  H  7.87; 
N  5.75. 

The  substance  was  soluble  in  all  organic  solvents  and  insoluble  in  water,  hydrochloric  acid,  and  aqueous 
solutions  of  alkali  and  sodium  carbonate. 

N,N-Dibenzylleucylphenylalanine.  The  dipeptide  ester  was  syntlteslzed  as  described  above,  but  it  was 
purified  by  washing  the  chloroform  solution  with  dilute  acid,  water,  sodium  carbonate,  and  again  with  water; 
tlie  chloroform  solution  was  dried  witli  sodium  sulfate.  Removal  of  the  chloroform  yielded  an  oil  which  could 
not  be  crystallized.  An  electrophoregram  showed  the  presence  of  traces  of  N,N-dlbenzylleuclne.  To  remove 
the  latter,  the  oil  was  dissolved  in  50  ml  of  metlianol,  2  N  sodium  hydroxide  solution  added  until  turbidity 
appeared,  and  the  mixture  left  overnight.  The  solution  was  neutralized  to  about  pH  6  witli  acetic  acld,and 
water  added  gradually.  The  precipitate  was  collected  by  filtration  and  washed  with  water.  The  yield  was  1.7  g 
(74*7^).  To  facilitate  crystallization,  the  substance  was  kept  over  30  ml  of  cyclohexane  for  24  hours.  The  rii,  p. 
was  145*.  The  substance  was  readily  soluble  in  chloroform  and  ethyl  acetate  and  sparingly  so  in  carbon  tetra¬ 
chloride,  benzene,  and  cyclohexane, 

Leucylphenylalanlne.  A  sample  of  0.2  g  of  N,N-dlbenzylleucylpltenylalanine  in  5  ml  of  acetic  acid  was 
hydrogenated  over  0.06  g  of  Pd  black  witli  hydrogen  passed  for  1.5  hours  at  50-60*.  The  solution  was  then 
filtered  and  the  acetic  acid  removed  in  vacuum.  The  oil  Uiat  formed  crystallized  on  addition  of  anhydrous 
alcohol.  The  precipitate  was  collected  by  filtration  and  washed  several  times  with  anhydrous  alcohol.  The 
yield  was  0.7  g  (65*70);  m.  p.  218-220*.  Literature  data:  m.  p.  220-223*  [5j.  The  substance  gave  a  blue 
biuret  reaction,  which  Is  cliaracterlstic  of  dipeptides  (Xmax  620  nip). 


I 

The  eiliyl  ester  of  N,N-dibe!izyllcucylglycyli;Iyclne  was  prepared  by  tlie  same  procedure  as  for  the  nietliyl 
ester  of  R  of  N",N^beiizylleucine,  1.38  ml  of  trietliylainlne,  and  0.96  ml 

of  ethyl  chlorocarbonatc  in  30  ml  of  anhydrous  chloroform.  The  cool  solution  was  mi.xcd  with  3.0  g  of  the 
hydrochloride  of  glycylglycine  ethyl  ester  and  2.07  ml  of  trieihylaminc  in  12b  ml  of  chloroform.  The  chloro¬ 
form  solution  was  washed  wiili  dilute  HCl,  water,  2  N  sodium  carbonate  solution,  and  again  with  water  and 
dried  with  sodium  sulfate.  We  isolated  3.2  g  of  substance.  To  free  tlte  product  from  N,N-dibenzylleucine, 

15  ml  of  CCI4  was  added  and  the  solutloti  left  for  several  days.  The  coarsely  crystalline  precipitate  formed 
was  collected  by  filtration  and  waslicd  on  die  filter  witli  5  ml  of  carbon  tetrachloride.  The  yield  was  2.8  g 
(64%).  The  m.  p.  was  115*. 

Found  7o;  C  68.86,  68.61;  H  7.92,  7.80.  C26II35O4N3.  Calculated  %;  C  68.87;  H  7.73. 

The  substance  was  readily  soluble  in  chloroform,  etliyl  acetate,  benzene,  metlianol,  and  acetone,  and  less 
so  in  ethyl  alcohol  and  carbon  tetracliloride.  It  had  Rf  0.96  in  the  .system  water  —  acetic  acid  —  butanol 
(1 :5  ;4).  It  gave  differently  colored  comple.xes  (Xnia.x  from  510  to  600  mp)  witli  copper  salts  at  different 
concentrations  of  alkali.  A  detailed  investigation  of  the  copper  complexes  of  this  substance  will  be  described 
in  the  next  communication. 

N,N-  Dibenzylleucvlglycylglycine.  A  sample  of  2.2  g  of  tlie  tripeptide  ethyl  ester  was  dissolved  in  50  ml 
of  metlianol.  To  ilic  solution  v/as  added  30  ml  of  a  2  N  sodium  hydroxide  solution  (until  slight  turbidity  appeared) 
and  tlie  mixture  left  overnight.  The  solution  was  neutralized  witli  acetic  acid  and  a  large  volume  of  water  (up 
to  2  liters)  added  gradually.  The  precipitate  was  collected  by  filtration,  washed  witli  water,  and  dried.  The 
yield  was  1.9  g  (95%).  The  m.  p.  was  164-165". 

Found  %:  N  9.66,  9.70.  C24H3i04N3.  Calculated  %:  N  9.88. 

The  substance  was  readily  soluble  in  acetone,  metlianol,  hot  xylene,  and  hydrochloric  acid;  it  was 
sparingly  soluble  in  chloroform,  carbon  tetrachloride,  and  benzene;  it  was  insoluble  in  water. 

Methyl  ester  of  N.N-dibenzylleucylphenylalanyhUycine.  A  mixture  of  0.5  g  of  N,N-dibenzylleucyl- 
phenylalanine  and  0.28  ml  of  triethylamine  in  15  mf  of  anhydrous  chloroform  was  cooled  to  “10",  0.1  ml 
of  ethylclilorocarbonate  added,  the  mixture  kept  at  0*  for  30  minutes,  and  a  solution  of  0.2  g  of  tlie  hydro¬ 
chloride  of  glycine  metliyl  ether  and  0.2  ml  of  trietliylamine  in  30  ml  of  anliydrous  chloroform  added.  The 
solution  was  kept  at  0  *  for  30  minutes  and  at  room  temperature  for  4  hours.  Removal  of  the  solvent  gave 
crystals,  whicli  were  washed  witli  dilute  hydrochloric  acid  and  water.  The  substance  was  treated  witli  15  ml 
of  etlier.  The  yield  was  0.42  g  (76%).  The  m.  p.  was  154“. 

Found  %:  C  72.44,  72.32;  H  7.47,  7.42.  C32H39O4N3.  Calculated  %;  C  72.59;  H  7.37. 

The  substance  was  readily  soluble  in  chloroform  and  hot  ethyl  alcohol  and  less  so  in  cold  alcohol;  it  was 
Insoluble  in  ether,  water,  and  aqueous  alkali. 


SUMMARY 

The  following  substances,  which  have  not  been  described  in  tlie  literature,  were  prepared  by  Boissonas’ 
metliod ;  tlie  metliyl  esters  of  N,N-dibenzylleucylglycine,  N,N-dibenzylleucylalanine,  and  N,N-dibenzyl- 
leucylphenylalanylglyclne,  N,N-dibenzylleucylphenylalanine  and  its  etliyl  ester,  and  also  N,N-dibenzyl- 
leucylglycylglycine  and  its  etliyl  ester. 
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The  biuret  reaction  of  proteins  and  peptides,  in  which  colored  copper  complexes  are  formed.  Is  a  qualitative 
reaction  for  a  peptide  bond.  Extensive  investigations  have  been  carried  out  in  this  field  [1-7]  and  the  results 
have  made  it  possible  to  formulate  a  new  method  for  studying  tlie  structure  of  proteinaceous  substances,  their 
hydrolyzates  at  various  stages  of  decomposition,  and  also  syntltetic  peptides.  It  was  established  that  blue  com¬ 
plexes  are  characteristic  of  dipeptides,  violet  of  tripeptides,  and  red  of  tetra-  and  pentapeptides,  etc.  The 
additional  functional  groups  NH2,  OH,  NH,  CONH2,  etc.  have  a  definite  effect  on  color.  N.  I.  Gavrilov,  et  al. 
developed  a  spectrophotometrlc  method  [1-3,  6]  for  studying  the  structures  of  copper  complexes  of  proteins. 

The  complexes  studied  previously  had  approximately  the  same  X^ax  different  concentrations  of 
alkali;  therefore,  the  effect  of  tlie  amount  of  alkali  on  the  position  of  the  absorption  maximum  was  considered 
negligible. 

In  the  present  work,  we  studied  the  copper  complexes  of  the  ethyl  ester  of  N,N-dlbenzylleucylglycylglyclne 
and  were  the  first  to  note  the  change  In  the  character  of  the  light  absorption  over  a  wide  range  of  wavelengths 
in  relation  to  concentration  of  alkali. 

The  following  facts  were  established. 

1.  With  alkali  concentrations  of  0.125,  0.25,  0.5,  0.75,  and  1.0  M  in  tlie  presence  of  the  same  amount 
of  copper  (0.5  ml  of  0.25  M  copper  acetate  solution)  and  with  the  same  concentration  of  the  ethyl  ester  of 
N,N-dibenzylleucylglycylglyclne  (O.Ol  M/liter),  copper  complexes  with  different  absorption  maxima  in  the 
range  510-600  irifj  were  obtained.  The  Xniax  value  of  520  corresponded  to  complexes  with  a  lower 
alkali  concentration  and  X  of  590  mp  corresponded  to  tliose  wltli  a  higher  concentration  (Fig.  l). 

According  to  tlie  accepted  classification  [6]  of  copper  complexes  of  peptides.  In  the  first  case  we  obtained 
an  absorption  spectrum  which  was  closer  to  a  tetrapeptlde  (Xmax  520  m/i  ),  and  In  the  second  closer  to  a  dl- 
peptlde  620  mp). 

2.  Despite  different  solvents  (water,  alcohol,  and  dioxane)  tlie  wavelengths  of  tlie  different  maxima 

remained  approximately  tlie  same.  Complexes  witli  Xjnax  590-600  mp  formed  more  readily  In  alcohol 

than  In  water.  As  Fig.  2  (Curve  2)  shows,  with  0.4  g  of  alkali  (1.0  M),  tlie  absorption  Intensity  was  con¬ 
siderably  higher  in  96*70  alcohol  than  hi  50%  alcohol  (Fig.  1,  Curve  5), 

We  consider  that  the  change  in  absorption  intensity  wltli  different  states  of  the  medium  Is  due  to  the 
different  stabilities  of  tlie  copper  complexes  formed,  as  water  promotes  tlie  dissociation  of  a  complex.  However, 
we  consider  tliat  this  question  has  not  yet  been  settled  conclusively. 
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Fig.  1.  Absorption  spectra  of  copper 
complexes  of  tlie  ethyl  ester  of 

N, N-dibenzylleucylglycylglyclne  in 
50 ‘yo  alcohol.  NaQ-1  (in  g) ;  l) 

O. 05;  2)  0.1;  3)  0.2;  4)  0.3; 

5)  0.4. 
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Fig.  2.  Absorption  spectra  of  copper 
complexes  of  tlie  ethyl  ester  of 

N, N-dibenzylleucylglycylglycine  in 
96'7o  alcohol.  NaOH  (in  g);  l) 

O. 05;  2)  0.4. 


3.  The  ester  group  did  not  have  any  appreciable  effect  on  the  position  of  Xmax.^s  the  same  positions  of 

Xniax  obtained  for  N,N-dibenzylleucineglycylglycine  (Fig.  3). 

4.  When  acid  was  added  to  a  solution  of  a  complex  witli  an  absorption  maximum  at  590  mg,  we  observed 
a  displacement  of  tlie  maximum  toward  siiorter  wavelengths  (X  520  m/i)  and  a  simultaneous  increase  in 
tlie  absorption  intensity,  characteristic  of  a  given  wavelength.  Correspondingly,  an  increase  in  die  alkali  con¬ 
centration  of  the  same  solution  produced  a  reverse  displacement  of  the  absorption  maximum  to  590  mp  (Fig.  4). 
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Fig.  3.  Absorption  spectra  of  copper 
complexes  of  N,N-dibenzylleucyl-. 
glycylglyclne  in  967o  alcohol.  NaOH 
(ing);  1)  0.05;  2)  0.2;  3)  0.4, 
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Fig.  4.  Absorption  spectra  of  copper 
complexes  of  N,N-dibenzylleucyl- 
glycylglycine  ethyl  ester  in  50'yo 
alcohol,  l)  Original  dibenzyltripeptide 
ester,  0.4  g  NaOH;  2)  regenerated 
dibenzyltripeptide  hydrochloride,  0.4  g 
NaOH. 


These  data  give  some  grounds  for  assuming  the  dibenzyltripeptide  hydrochloride,  0.4  g 

formation  of  two  types  of  complex  which  are  in  NaOH. 

dynamic  equilibrium  and  a  displacement  to  one  side 

or  the  oUier  is  observed  with  a  change  in  die  alkali  concentration.  The  complex  with  an  absorption  maximum 
at  590  mp  is  dissociated  mote  strongly  in  an  aqueous  solution  dian  in  alcohol  (see  Figs.  1  and  2). 
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Ill  the  first  approximation,  ilic  phenomenon  of  double  complex  formation  may  be  explained  by  the  effect 
of  the  dibenzyl  blocking  group  on  this  process.  Apparently,  in  this  case,  the  dlbenzyl  blocking  group  acts  in 
the  same  way  as  in  the  decomposition  of  the  acid  chloride  [8J,  i.e.,  the  increase  in  electron  density  at  the 
tertiary  nitrogen  atom  (increase  in  its  basic  properties)  produces  an  increase  in  the  basicity  of  the  adjacent 
amide  nitrogen  atom  by  a  mechanism  which  we  are  not  as  yet  in  a  position  to  explain.  Due  to  tliis,  the  presence 
of  a  tertiary  nitrogen  atom  in  dibenzyltripeptides  results  in  unequal  capacities  of  tlie  two  carbonyl  groups  to 
enolize,  a  phenomenoti  which  is  almost  absent  from  a  peptide  with  a  free  amino  group.  This  is  seen  from  an 
examination  of  a  peptide  formula. 


[V  ir 
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A  tripeptlde  molecule  has  two  amide  bonds.  One  bond  Is  under  the  influence  of  tlie  carboxyl, and  tlie  otlier 
under  the  influence  of  tlie  terminal  nitrogen  atom.  This  differentiation  is  almost  absent  from  a  peptide  with  a 
free  amino  group,  and  actually  appears  In  N,N- dibenzyltripeptides  as  a  result  of  tlie  different  effect  of  die 
terminal  amino  and  carboxyl  groups.  Thus,  the  absorption  spectra  of  the  copper  complex  of  the  free  tripeptide 
leucylglycylglyclne  show  a  displacement  of  die  absorption  maximum  of  only  10  mp  (see  table)  at  the  two 
alkali  concentrations  (0.125  and  1.0  M).  In  the  case  of  dibenzyltripeptides  this  difference  reaches  90-100  mp, 
depending  on  the  alkali  concentration  (see  Figs.  1-4). 

At  low  alkali  concentrations  the  carbonyl  group  of  dibenzyltripeptides  should  be  enolized  very  little  and 
as  a  result,  according  to  preliminary  data,  a  copper  complex  forms  in  which  there  are  two  dibenzyltripeptide 
molecules  per  copper  atom  (  Xjnax  nip).  However,  with  an  increase  in  alkali  concentration,  the  enollza- 
tlon  of  die  carbonyl  group  increases  and  this  gives  a  nionomolecular  complex  (X  niax  nip). 
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Fig.  5.  Absorption  spectrum  of  die 
copper  complex  of  N,N-dlbenzyl- 
leucylglycylglyclne  in  excess 
trlethylamine. 


This  is  confirmed  by  the  fact  that  we  obtained  only  a  red  com¬ 
plex  (  Xnj^x  N,N-dibenzylleucylglycylglycine 

widi  triethylaniine  (wiiliout  alkali).  Trietliylaniinc  is  too  weak  a 
base  to  displace  die  equilibrium  toward  a  more  enolized  form.  Trl- 
ediylainine  itself  does  not  give  a  colored  copper  complex. 

In  addition,  N,N-dlbcnzyldipeptides  do  not  give  colored  copper 
complexes,  which  indicates  diat  the  terminal  tertiary  nitrogen  atom 
ill  a  peptide  does  not  participate  in  complex  formation.  One  dibenzyl¬ 
tripeptide,  N,N-dibenzylglycylglycylglycine,  is  described  in  [9]  and  a 
dipeptide  absorption  maximum  (620  mp)  is  given  for  its  copper  com¬ 
plex  [10].  However,  the  aud'tors  did  not  study  the  effect  of  alkali 
concentration  on  the  complex-formation  process;  we  plan  to  do  so 
in  die  future. 

We  checked  whether  the  double  complex  formation  was  induced 
by  the  dipeptide  part  of  the  molecule,  i.e.,  whether  this  phenomenon 
was  inherent  in  the  dipeptide  itself,  by  studying  die  complex  formation 
of  glycylglycine  ediyl  ester  under  the  same  conditions.  In  all  cases, 
there  was  no  displacement  or  very  little  (see  table). 


We  were  then  able  to  establish  that  the  character  of  light  absorption  of  dibenzyltripeptides  also  depends  on 
die  amino  acid  composition,  with  die  presence  of  phenylalanine  in  the  peptide  chain  having  a  particular  effect. 
Thus,  at  alkali  concentrations  of  0.125,  1.0,  and  1.5  M,  die  methyl  ester  of  N,N-dlbenzylleucylphenylalanyl- 
glycine  we  prepared  gave  only  a  red  complex  with  a  10  mp  displacement  (510-520  mp),  but  with  a  con¬ 
siderable  fall  in  Sbsorptlon  intensity  (see  table).  In  die  given  case  the  hydrogen  was  replaced  by  benzyl  in 
the  glycine  hydrocarbon  chain, which  resulted  in  an  even  greater  concentration  of  electron  density  at  the  amide 
nitrogen;  in  diis  case,  even  high  alkali  concentrations  did  not  induce  the  formation  of  a  second  complex. 
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We  have  not  yet  studied  the  problem  of  the  structure  of  ilic  complex  and  one  reason  for  tills  Is  the  fact 
tliat  the  generally  accepted  siructure  for  a  copper  complex,  proposed  by  M.  Rising  [11],  M.  I.  Pleklian  [1^, 
K.  T.  Poroshin  [7],  J.  Nilashl  and  Z.  Kovats  [13],  does  not  provide  an  explanation  for  double  complex 
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formation.  Furthermore,  a  careful  examination  of  this  structure  reveals  Uiat  such  copper  complexes  must  be 
extremely  unstable,due  to  the  fact  tliat  copper  has  an  uncharacteristic  coordination  number  of  6  and  that  the 
principle  put  forward  by  L,  Cliugacv  [14],  according  to  which  the  5-  and  6-membered  rings  in  a  complex  are 
the  most  stable  ones,  is  not  obeyed.  In  tills  case,  the  structure  of  tlie  peptide  copper  complex  must  include 
two  4-membcred  rings, which  must  make  the  complex  extremely  unstable.  This  is  contradictory  to  tlie  facts, 
as  peptide  and  protein  copper  complexes  are  extremely  stable,  and  tlie  copper  evidently  has  its  characteristic 
coordination  number  of  4. 

It  seems  to  us  that  the  structure  of  copper  complexes  requires  furtlier  proof,  particularly  if  one  considers 
the  data  we  obtained  on  tlie  effect  of  a  terminal  tertiary  nitrogen  atom  on  complex  formation.  Only  a  further 
study  of  this  phenomenon  will  make  it  possible  to  solve  conclusively  tlie  problem  of  tlie  coordination  number 
of  copper,  the  disposition  of  tlie  atoms  in  the  inner  sphere  of  tlie  complex,  the  stcric  structure  of  the  complex 
and  tlie  character  of  the  enolization. 


EXPERIMENTAL 

Method  of  preparing  copper  complexes.  Tlie  copper  complexes  of  tlie  peptides  investigated  were  prepared 
by  the  metliod  described  previously  [3].  In  this  work,  we  varied  tlie  amounts  of  alkali  and  used  alcohol  and 
water  as  solvents.  The  amount  of  copper  acetate  was  0.5  ml  of  a  0.25  M  solution  for  each  experiment.  After 
the  copper  acetate  had  been  added  the  solution  was  kept  for  one  hour  and  then  centrifuged.  An  SF-4  spectro¬ 
photometer  was  used  for  the  spectrophotometric  measurements.  The  data  from  the  determination  are  summarized 
in  the  table. 

1.  Copper  complex  of  glycylglycine  ethyl  ester.  Mixtures  of  0.0231  g  of  tlie  hydrochloride  of  the  dipeptide 
etliyl  ester,  0.1  g  and  0.45  g  of  NaOH,*  and  0.5  ml  of  0.25  M  aqueous  copper  acetate  solution  were  prepared 
in  10-ml  graduated  flasks.  Water  and  OG^o  and  50*70  alcohol  were  used  as  solvents. 

2.  Copper  complex  of  leucylglycylglycine.  The  amounts  of  tlie  reagents  were  tlie  same  with  a  total 
volume  of  10  ml;  the  tripepiide  sample  weighed  0.02^1  g  and  the  solvent  was  5070  alcohol. 

3.  Copper  complex  of  the  ethyl  ester  of  N,N-dibcnzyllcucylglycylglycine  (Figs.  1  and  2).  A  0.0453  g 
sample  of  tripeptide  was  used  for  a  total  volume  of  10  ml;  die  amounts  of  alkali  were  0.05,  0.1,  0.2,  0.3, 
and  0.4  g;  tlie  solvents  were  bO^/o  and  957o  alcohol. 

4.  Copper  complex  of  N,N-dibenzylIeiicylglycylglycine  (Fig,  SX  iTffe  amounts  of  reagents  were  the  same; 
a  0.04  26  g  sample  of  dibenzyluipeptide  was  used;  Uie  solvents  were  water  +  alcohol  (8.5: 1.5)  atid  507o  and 
9G7o  alcohol. 

5.  Copper  complex  of  die  med^'l  ester  of  N,N-dibenzylleucylphenylalanylglycine.  The  amounts  of 
reagents  W'ere  the  same  as  in  die  previous  experiments;  a  0.0529  g  sample  of  N,N-dibenzyltripeptide  was 
used;  die  solvent  was  507j  alcohol. 

6.  Interconversions  of  the  copper  complexes  of  the  ethyl  ester  of  dlbenzylleiicylglycylglycinc  (F^.  4). 

When  207o  HCl  or  a  considerable  amount  of  water  was  added  gradually  to  the  copper  complex  obtained  in 
Expt.  3,  the  blue  copper  complex  (Xmax  GOO  ni/j)  was  converted  into  the  red  complex  (  X  520  mp). 

•  As  die  hydrochloride  of  die  dipeptide  ediyl  ester  was  used,  die  amount  of  alkali  in  all  experiments  was 
Increased  by  0.05  g. 
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When  concentrated  alkali  solution  was  added  to  the  red  complex  obtained,  there  was  an  opposite  displacement 
of  Xjiiax  to'^^rd  longer  wavelengths. 


Position  of  Absorption  Maxima  of  Copper  Complexes  In  Different  Media  In  Relation  to 
tlie  Alkali  Concentration 


1 

Medium 

X 

o 

d 

'o 

•J  WJ 

E  c 
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Etliyl  ester  | 
of  glycyl-  1 
glycine 
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N,fl-di- 
benzyl- 
leucylglycyl- 
glycine  j 

N,N-Di-  j 

benzyl-  j 

leucylgly- 
cylglyelne 

Metliyl  ester  ol 
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leucylphenyl- 
alanylglycfiie 

^  mnx 
( ii'ii) 

illlli) 

‘m.ix  ! 

''max 

(mix) 

*max 

^m*x 
(  mix) 

'max  1 

^max 

(mix) 

*roax 

(».05 
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0.760 

_ 

_ 

Water  y 

0.4 

620 

0.720 

— 

— 

— 

— 

— 

— 

0.0.5 

610 

0.68.5 

5»i0 

0.830 

520 

0..350 

520 

0.340 

510 

0.350 

0.1 

_ 

_ 

_ 

_ 

.5:10 

0.190 

520 

0.180 

— 

— 

b(y^iQ 

0.2 

_ 

560 

0.230 

550 

0.220 

— 

— 

Alcohol 

0..3 

_ 

_ 

_ 

_ 

_ 

— 

580 

0.180 

520 

0.125 

0.4 

610 

0.670 

570 

0.Si5 

610 

0.150 

590 

0.150 

520  • 

0.120 

0.05 

610 

0.7(H1 

_ 

520 

0.350 

520 

0.500 

— 

— 

0.1 

_ 

_ 

_ 

_ 

580 

0.365 

— 

— 

— 

— 

OG^/o 

0.2 

— 

_ 

500 

0.'.70 

580 

0.325 

— 

— 

Alcohol 

0.3 

_ 

_ 

_ 

_ 

590 

0.460 

— 

— 

— 

— 

0.4 

610 

0.670 

— 

— 

600 

0.490 

600 

0.400 

•  0.6  g  of  NaOH. 


SUMMARY 

1.  The  peculiar  character  of  the  complex  formation  of  N,N-dlbenzyltripeptides  with  copper  Ions  In  an 
alkaline  medium  was  studied. 

2.  It  was  established  that  N,N-dlbenzylleucylglycylglycine  gave  two  complexes  with 
600  mp  at  alkali  concentrations  of  0.125  and  1.0  M,  respectively. 

3.  It  was  shown  that  die  introduction  of  a  phenylalanine  amino  acid  residue  Into  a  peptide  chain  displaced 
the  absorption  maximum  toward  shorter  wavelengtlis. 

4.  It  was  shown  that  the  two  types  of  copper  complexes  ate  capable  of  Interconversions,  depending  on  the 
hydrogen  Ion  concentration. 

A  preliminary  explanation  is  given  for  this  phenomenon. 
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A  study  of  the  reactions  of  urea  with  different  salts  in  aqueous  solutions  and  in  melts  is  of  considerable 
interest  from  tlie  point  of  view  of  preparing  combined  fertilizers  which  contain  urea  (46.6*70  nitrogen)  as  the 
nitrogen- containing  substance  and  salts  of  such  elements  as  Cu,  Zn,  Co,  Mg,  etc.  as  the  trace  elements  [1-3], 
and  also  for  preparing  low-melting  urea- based  melts.  Molten  urea  dissolves  various  salts  quite  readily  and  as 
a  result,  its  melting  point  falls  very  considerably.  The  reaction  of  urea  with  salts  in  melts  has  not  been  studied 
sufficiently  [4].  In  die  present  work  we  present  the  results  of  studying  the  reaction  of  urea  with  sodium  and 
potassium  acetates  in  a  melt. 


EXPERIMENTAL 


The  melting  points  were  investigated  by  the  visual  polythermal  method  with  the  aid  of  glass  tubes  in  a 
glycerol  bathj  the  temperature  was  measured  with  a  thermometer  with  an  accuracy  of  ±0.5",  Cliemically  pure, 

recrystallized  reagents  were  used  in  the  work.  The  com¬ 
positions  ate  given  everywiiere  in  mole  percents. 


Binary  Systems 


1.  The  CO(NH2);-CH3COONa  system  (Fig.  1, 
table).  We  were  the  first  to  study  this  system.  It  is  a 
simple  system  with  a  eutectic  at  87.5*  and  24*70 
CHjCOONa. 


2.  The  C0(NH2)2-‘CH3C00K  system  (Fig.  1, 


table).  This  was  studied  for  die  first  time.  One  compound 


was  formed  with  the  composition  CC)(NH2)2*CH3COOK 
and  this  melted  widi  decomposition.  The  transition  point 
corresponded  to  95.5"  and  42*70  CHjCOOK,  the  eutectic 
point  was  at  80*  and  277o  CH3COOK. 


Fig.  1.  Side  binary  systems. 


3.  The  CHsCOOK-CHaCOONa  system  (Fig.  1, 
table)  [4,  5j.  We  repeated  previous  investigations.  The 
compound  2CH3COOK  •  CUsCOONa  formed  and  this 
melted  with  decomposition.  According  to  our  data  the 
eutectic  corresponded  to  232*  and  50  7o  CH3GOONaj  the 
transition  point  was  at  238*  and  3G,5*7o  Ql3COONa. 
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Fig.  2.  Melting  point  diagram  of  the  ternary  system  CC)(NHj)2— CHjCOONa— 
-CHjCOOK. 


Fig.  3.  Projection  of  cocrystallization  curves  onto  the 
CH,COOK-CO(NHj)j  side. 


Binary  Systems 
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60 
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15 
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15 
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42 
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65 
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18 
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18 
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30 
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70 
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21 

98 

21 

92 

48 
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35 
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24 

88 

27 
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30 

138 

Ternary  System  Diagram 

Eleven  internal  cross  sections  were  studied  (their  directions  are  shown  in  Fig.  2)  and  from  the  results  obtained 
we  plotted  the  crystallization  surface  of  the  system.  It  consists  of  five  fields,  two  of  which  belong  to  side  complex 
compounds  and  tltree,  to  the  system's  components.  A  projection  of  tlie  cocrystallization  curves  (Fig.  3)  made  it 
possible  to  define  more  accurately  the  composition  and  character  of  the  invariant  points. 

The  system  has  three  ternary  points:  a  eutectic  point  E  [72.5*,  17%  CH3COOK,  15%  CH3COONa,  68% 
COfNHjJJ,  a  transition  point  P[88*,  43%  CH3COOK,  9%  CH3CC)ONa,  48%  CCXNH^)^]  and  a  ternary  transition 
point  R,  at  which  the  field  of  the  side  complex  2CH3COOK*CH3COONa  tails  away  to  notliingj  the  composition 
corresponding  to  this  point  is  only  approximate  as  it  was  impossible  to  study  this  region  directly  due  to  the  vigorous 
decomposition  of  urea  above  150*.  The  compound  CO(NH2)2*CH3COOK,  which  is  incongruent  at  the  side,  has  the 
tendency  to  become  more  stable,  and  becomes  congruent  within  the  system,  as  the  direction  of  the  cocrystallization 
curve  of  CO(NH2)2’CH3COOK  +  CH3COOK  indicates.  A  section  drawn  from  the  point  of  this  compound  to  the 
a-l3COONa  apex  cuts  tlie  system  into  two  phase  triangles:  the  triangle  CO(NH2)2~  CH3COONa  —  CO(NH2)2* 
•CH3COOK  witli  point  E  and  the  triangle  CO(NH2)2‘ CH3COOK  — CHjCOONa  — CH3COOK  with  point  P.  As  point 
R  is  a  wedge  point,  it  is  not  included  in  the  triangulation  of  the  system. 

We  should  note  the  considerable  viscosity  of  the  melts  in  the  region  of  the  ternary  eutectic  point  E, 


SU  MMARY 

1.  The  reaction  of  urea  witli  sodiuni  and  potassium  acetates  was  studied.  An  incongruent  complex  compound 
of  urea  and  potassium  acetate,  CO(NH2)2‘CH3CC)OK,  forms  and  this  melts  at  95.5*  witli  decomposition.  The 
presence  of  sodium  acetate  in  the  ternary  system  helps  to  stabilize  this  compound. 

2.  The  crystallization  surface  of  the  ternary  system  CO(NH2)2“CH3COONa  —  CH3CC)OK  consists  of  five  fields, 
two  of  which  belong  to  side  complexes  and  three  to  the  system's  components. 

3.  The  system  contains  three  ternary  invariant  points:  a  eutectic  point  E  (72.5*),  a  transition  point  P  (88*), 
and  a  transition  point  R,  at  which  tlie  field  of  the  compound  2CH3CCXDK  •  CH3C(X)Na  tails  away  to  nothing. 
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Vinylthiopliene  and  Its  homologues  are  easily  polymerizable  compounds  which  can  be  used  for  copoly¬ 
merization,  e.g.,  with  styrene  and  o-chlorostyrene. 

It  is  known  [1]  that  the  ease  of  polymerization  of  monomers  decreases  in  the  following  order;  a- vinyl- 
thiophene  >  vinylpyrldlne  >  o-chlorostyrene  >  styrene.  The  use  of  2-vitiyltliiophene  for  copolymerization 
with  butadiene  has  been  discussed  in  [2],  Polymers  of  vinyl  derivatives  of  the  tltiophene  series  possess  high 
softening  temperatures  and  excellent  dielectric  properties  [3]. 

Some  syntlietlc  methods  for  the  preparation  of  vinylthiopliene  are  knovvii  from  the  literature.  Strassburg 
and  his  co-autliors  [4j  made  a-vinylthiophene  from  bromotliiophene  and  vinylchlorlde  with  yields  of  up  to 
28.7‘7o.  Kuhn  and  Dann  [5]  synthesized  2-vinylthiophene  by  the  reduction  of  2-aceiotlilenone  to  die  carblnol 
and  dehydration  of  die  latter,  Emerson  and  Patrick  [6]  prepared  2-vinylthiophene  from  thiophene  and  paraldehyde. 
From  [3,  7]  it  is  possible  to  make  2- vinylthiopliene  by  condensing  thienylmagnesium  iodide  with  ethylene  oxide 
and  dehydrating  die  carbinal  obtained  with  powdered  potassium  hydroxide;  In  this  case  the  yield  reached  50*70, 

F.  Ya.  Perveev  and  N.  I.  Kudryashova  [8]  demonstrated  die  possibility  of  making  vinyl  and  alkylthiophenes  by 
the  interaction  of  oxides  of  the  acetylene  and  vinylacetylene  series  with  hydrogen  sulfide  in  the  presence  of 
barium  hydroxide. 

In  our  laboratories,  we  have  for  a  long  time  carried  out  work  on  the  catalytic  dehydrogenation  of  alkyl- 
aromatic  compounds;  in  this  way,  we  have  obtained  various  monomers,many  of  which  acquired  practical  value 
[9-12].  We  became  interested  in  extending  die  exploitation  of  our  methods  to  the  dehydration  of  compounds 
containing  heterocycles. 

In  the  present  report  are  described  the  results  of  an  investigation  into  the  dehydrogenation  of  2-ethylthlo- 
phene  with  the  formation  of  2- vinylthiopliene.  According  to  die  multlplet  dieory  [14,  15]  dehydrogenation  of 
the  ethyl  group  takes  place  by  die  doublet  mechanism;  die  catalytic  dehydrogenation  of  ethylthiophene  may 
be  represented  by  the  sclieme; 


H 


C-C 

I  I 
H  H 


where  the  reacting  atoms,  which  come  into  conuct  with  the  active  center  of  the  catalyst,  are  sunounded  by 
the  box. 
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It  could  be  expected  tliat  the  coiidliions  for  dehydrogenating  ethylihiophene  would  be  little  different  from 
those  for  the  dehydrogenation  of  the  monoalky Ibenzencs.  Indeed,  the  preparation  of  2- vlnyltliiophene  from 
eiliylthlophenc  by  passing  the  latter  at  high  temperature  over  chromium  oxide  supported  on  bauxite  has  been 
described  in  a  patent  [13j, 

Before  proceeding  to  investigate  tlie  dehydrogenation  of  ethyltliiophene  to  vinylthiophene  in  the  presence 
of  tlie  diluent  water  vapor,  it  is  necessary  to  find  out  if  the  sulfur  in  the  ethyltliiophene  molecule  changes 
Into  oxygen  by  the  Yu.  K.  Yur’ev  reaction  [lOj.  Otlier  complicated  reactions  could  be  tlie  breaking-off  of  the 
side  group  of  ethyltliiophene.  A.  A.  Balandin,  L.  1.  Sovalova,  and  T.  A.  Slovoldiotova  [17]  observed  a  similar 
reaction,  namely  die  dcmediylatlon  of  metliylthiophenc  with  the  preservation  of  the  thiophene  ting  under  the 
Influence  of  water  gas  with  various  catalysts  (nickel  or  cobalt  on  aluminum  oxide). 

Our  Investigations  showed  diat  the  formation  of  2-vinyldiiophene  on  dehydrogenation  of  2-etliylthiophene 
goes  smoodily  enough  witii  a  yield  of  about  BO'^o.  The  thiophene  ring  in  these  conditions  appeared  to  be  stable 
and  removal  of  the  side  group  proceeds  to  a  negligible  degree. 


EXPERIMENTAL 

The  initial  2- ediylthiophene  *  had  the  following  constants:  b.  p.  135.0-135.5*  (741.5  mm),  n®D  1.5130, 

0.990.  Uterature  data  [18]:  b.  p.  134-135“,  n^D  1.5122,  d^^  0.9904. 

The  dehydrogenation  of  2- ethyltliiophene  was  carried  in  a  flow  system  at  atmospheric  pressure  eitlier  without 
dilution  or  diluted  wltli  carbon  dioxide  or  water  vapor.  The  reaction  was  investigated  at  500-600"  and  a  volume 
rate  of  0.15-0.38  hour"^  in  the  presence  of  certain  catalysts  made  from  copper  and  lead  oxides  in  various  propor¬ 
tions  and  from  copper  and  chromium  oxides.  The  activity  of  tlte  catalysts  was  controlled  by  experiments  with 
ctliylbenzcne.  The  catalyzates  were  collected  in  a  receiver  provided  witli  a  condenser,  and  tlie  products  were 
removed  to  a  graduated  gasometer  and  then  analyzed  in  an  Ors  apparatus.  The  possibility  of  using  tlte  Rosenmund 
[13]  bromometrlc  titration  for  tlie  analysis  of  tlie  etliyltlilophene  catalyzate  was  examined.  The  determinations 
showed  tliat,  when  thiophene  and  etliyltliiophene  were  bromlxiated,  two  atoms  of  bromine  were  used  up  (per 
molecule  of  starting  material).  Therefore,  the  corresponding  correction  for  bromination  of  the  thiophene  ring 
was  applied  wiien  tlie  catalyzate  was  brominated. 

The  results  of  experiments  on  tlte  dehydrogenation  of  2-ethylthiophene  on  a  copper- chromium  catalyst  are 
cited  in  Table  1. 


O 


TABLE  1 

Dehydrogenation  on  a  Copper-Chromium  Catalyst 


Temp. 

Duration 
of  expt. 
(in  min) 

Rate  of 

feed 

(hr"^) 

a 

(U 

Q 

Catalyzate 

yield 

(wt. 

”d 

of 

cataly¬ 

zate 

Anu.  of  un¬ 
saturation  in 
catalyzate 

GOO  * 

00 

0.32 

CO2 

87.7 

48.0 

5lK) 

60 

0.22 

— 

00.0 

1.5164 

3G.5 

525 

GO 

0.34 

— 

05.5 

1.5210 

30.1 

550 

45 

0.20 

— 

83.3 

1 .52GG 

40.1 

600* 

GO 

0.30 

CO2 

— 

— 

41.0 

•  These  experiments  were  carried  out  witli  ethylbenzene. 


*  The  2- etliyltliiophene  was  presented  to  us  by  Ya.  L.  Gol’dfarbto  whom  we  extend  our  tlianks. 
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The  exit  ^>ases  in  tlie  experiments  with  ethylthiophcnc  did  not  contain  hydroj;cn  sulfide  but  consisted  of 
hydrogen  and  a  very  small  amount  (up  to  0.2'’,'))  of  unsaturated  Itydrocaibons.  From  the  data  cited,  it  follows 
lliat  the  dehydrogenation  of  ethylthloplienc  occurs  to  tlie  extent  of  36--10'’/o  at  GOO-550*. 

In  order  to  find  out  die  behavior  of  thiophene  in  our  experimental  conditions  we  passed  tltiophcne,  diluted 
with  water  vapor  (I  ;2),  over  a  catalyst  composed  of  iron  and  copper  oxides  at  670*  at  a  rate  of  0.25  hour"*. 
The  analysis  of  the  condensate  obtained  was: 

Found'yo:  C  57.93,  57.72;  H  -1.96,  4.96;  S  37.6,  36.9.  C4H4S.  Calculated  <70:  C  57.2;  H  4.7; 

S  38.1. 

Thus,  tliiophene  passes  tlirough  the  catalyst  practically  unchanged  under  our  conditions. 

Dehydrogenation  of  2-ethyltlilophene  diluted  with  water  vapor  was  carried  out  In  the  presence  of  a  catalyst 
composed  of  iron  and  copper  oxides.  The  results  of  tliese  experiments  are  cited  in  Table  2.  * 

TABLE  2 

Dehydrogenation  of  2-Eiltyltliiophene  on  a  Mixed  Oxide  Catalyst  in  tlie  Presence  of  a  Diluent. 

Volume  of  Catalyst  25  ml. 
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•  The  maximum  hydrocarbons  in  tlte  gas  were  not  determined. 

•*  Carried  out  wltli  ethylbenzene. 

•**  Carbon  dioxide  In  tlie  gas  analyzed  was  absorbed  vrith  alkali. 

From  an  examination  of  the  data  In  Table  2,  it  follows  that  at  525-575*  the  dehydrogenation  of  ethyl- 
tliiophene  is  complicated  very  little  by  decomposition  side  reactions.  The  negligible  quantity  of  unsaturated 
hydrocarbons  In  tlie  exit  gases  (0.2-0.8'7o)  and  the  high  yield  of  catalyzate  (90 ‘Vo  and  higher)  both  Indicate 
this.  The  amount  of  ethylthiophene  dehydrogenation  in  tliese  experiments  was  better  than  50%.  The  dilution 
of  ethyltliiophene  with  carbon  dioxide  in  tlie  presence  of  the  same  catalyst  led  to  somewhat  worse  results;  The 
decomposition  reaction  was  more  intense,  the  content  of  unsaturated  hydrocarbons  in  the  exit  gas  increased  from 
1.6  to  2.8%;  however,  tlie  content  of  uiisaturates  in  the  catalyzate  also  exceeded  50%. 


•  The  last  four  experiments  were  carried  out  wldi  another  sample  of  catalyst  prepared  from  copper  and  Iron 
nitrates. 
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SUMMARY 


An  investigation  of  tlie  catalytic  dehydrogenation  of  2-eihylthiophene  into  2-vinyltliiophene  at  500-600* 
In  the  presence  of  oxide  catalysts  witlt  various  compositions,  both  witli  dilution  of  tlte  etliylthlophene  with 
carbon  dioxide  or  water  vapor  and  without  dilution,  was  carried  out.  The  best  results  were  obtained  with  a 
copper-iron  catalyst;  tlie  content  of  vlnylthiophene  in  the  catalyzate  reached  50-60‘7o. 
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p-DI  -  (2-CHLOROETHYL)- AMINOPHENYLALANINE  (•’SARCOLYSINE") 

AND  ITS  DERIVATIVES 

V.  HETEROCYCUC  AMIDES  OF  SARCOLYSINE 

A.  Ya.  Berlin  and  V.  P.  Bronovitskaya 

Translated  from;  Zhurnal  Obshchei  Kltlniii,  Vol.  30,  No.  1,  pp.  324-327,  January,  1960 
Original  article  submitted  November  3,  1958 


Examination  of  the  carcinolytic  properties  of  peptides  of  p-di-(2-chlotoethyl)-aminophenylalanine 
(•sarcolysine")  showed  that  some  of  these  possessed  antitumor  properties  similar  to  sarcolysine  and,  at  the 
same  time,  a  lower  toxicity  [1], 


On  considering  the  structural  features  of  these  peptides  we  became  interested  in  synthesizing  compounds 
in  which  the  sarcolysine  or  a-N-acylsarcolysine  residue  was  joined  by  an  amide  bond  to  different  heterocyclic 
amines  which  were  widely  used  in  pharmaceutical  chemistry. 


Thus,  by  condensing  N-acetyl-  [2]  and  N- formyl-sarcolysine  [3]  with  some  heterocyclic  amines  in  the 
presence  of  1,3-dicycloliexylcarbodiimide  by  Sheeham’s  meiiiod  [4],  we  obtained  tlie  (tiiiazoly  1-2)- amide 
(I),  (4  metliylthiazolyl-2)-amide  (II),  piperidide  (III),  and  morpholide  of  N-acetylsarcolysine  (IV)  and  the 
(ihiazolyl-2)-amide  of  N-formylsarcolyslne  (V). 


However,  in  all  tliese  compounds  the  a-amino  groupin  the  sarcolysine  is  acylated  .whereas  Bergel  and  Stock 
[5]  hold  the  opinion  that  tlie  presence  of  free  amino  group  is  Important  for  the  development  of  of  antitumor 
activity. 

In  order  to  examine  this  the  (thiazolyl-2)-amide  of  N-formylsarcolysine,  which  was  synthesized  from  N- 
formylsarcolyslne  and  2-aminothiazole,  was  hydrolyzed  with  hydrochloric  acid  in  the  cold  [6]  to  give  the 
(thiazolyl-2)-amide  of  sarcolysine  (VI). 
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Results  of  tltc  biological  investigation  will  be  published  elsewhere. 


EXPERIMENTAL 

General  Metliod  of  Obtainiii  g  Heterocyclic  Amides  of  Sarcolysine 

Equimolecular  quantities  of  1,3-dicyclohexylcarbodiimide  and  the  requisite  heterocyclic  amine  in  chloro¬ 
form  were  added  successively  to  a  suspension  of  0.01  moles  of  N-acylsarcolysine  in  chloroform.  The  mixture 
was  sliaken  and  left  at  room  temperature  for  5  hours  [25-30  minutes  in  the  preparation  of  die  (thiazolyl-2)- 
amide  of  N- fortnylsarcolysine  (V)J,  after  which  the  precipitated  1,3-dicyclohexylurea  was  filtered  off,  and  the 
filtrate  left  at  room  temperature  overnight.  The  precipitated  amide  was  filtered  off  or,  if  the  amide  appeared 
to  be  very  soluble,  !;ie  cliloroform  solution  was  evaporated  in  vacuum,  absolute  alcohol  was  added  to  the  residue 
and  die  product  left  in  a  refrigerator  to  crystallize.  The  crystalline  amide  which  separated  was  recrysullized 
from  absolute  alcohol  (see  table). 

The  (thiazolyl-2)-amide  of  sarcolysine.  2.2  g  of  the  (diiazolyl-2)-amide  of  N-formylsarcolysine  (V)  was 
dissolved  in  300  ml  of  a  l-normal  solution  of  hydrochloric  acid  in  absolute  alcohol,  and  the  solution  was  stood 
for  1  hour  at  room  temperature  after  which  it  was  concentrated  in  vacuum  to  a  small  volume.  The  resulting 
precipitate  was  filtered  off  and  recrystallized  from  absolute  alcohol.  The  yield  of  (diiazolyl-2)-amlde  of 
sarcolysine  hydrochloride  was  1.5  g  (68*70).  M.  p.  226-227*  (in  a  capillary  immersed  in  the  apparatus  at  210*). 


SUMMARY 

1.  The  (thiazolyl-2)-amide,  (4-mediylthiazolyl-2)-amide,  piperidide, and  morpholide  of  N- acetyl- 
sarcolysine  and  the  (thiazolyl-2)'amide  of  N-formylsarcolyslne  have  been  synthesized  by  condensing  N-aceiyl- 
or  N- formyl- sarcolysine  with  certain  heterocyclic  amines. 

2.  The  (thiazolyl-2)-amide  of  sarcolysine  has  been  obtained  by  the  hydrolysis  of  the  (thiazolyl-2)-amide 
of  N-formylsarcolysine. 
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PURINE  AS  POSSIBLE  A  N  T  I  M  E  T  A  B  O  LI  T  E  S 

G.  Ya.  Uretskaya,  E.  I.  Rybkina,  and  G.  P.  Men'shikov 

Translated  from:  Zhurnal  Obslicliei  Khimil,  Vol.  30,  No.  1,  pp.  327-332,  January,  1960 
Original  article  submitted  December  17,  1968 


In  recent  years  research  on  antitumor  substances  has  led  to  certain  widely  known  principles,  according  to 
which  definite  substances  can  act  as  antimetabolites  of  the  nuclear  functions  of  malignant  cells. 

It  Is  known  tltat  some  compounds  of  the  purine  series,  e.g.,  adenine,  guanine,  etc.,  which  may  be  con¬ 
sidered  as  antitnetabolites,  cause  shorter  or  longer  remissions  in  the  treatment  of  malignant  neoplasms.  Thus 

6- mercaptopurine,  C-ihioguanidine,and  6-chloropurine  are  used  in  the  treatment  of  acute  leucosis. 

The  aiiti  of  our  work  was  tlte  preparation  of  similar  antitumor  substances  among  the  amino  derivatives  of 

7- metliyIpurine.  2,G-Dichloro-7-methylpurine  was  used  as  the  starting  material  for  the  synthesis  of  7- methyl- 
purine  derivatives,  it  was  first  made  by  E.  Fischer  [1]  by  the  interaction  of  theobromine  and  phosphorus  o.xy- 
chloride  in  a  sealed  tube.  However,  because  reactions  in  sealed  glass  tubes  ate  unsatisfactory,  we  used  another 
metliod,  described  by  Davell  [2],  for  the  preparation  of  trichloropurine  from  uric  acid,whlch  consisted  of 
reacting  the  latter  with  phospliorus  oxychloride  in  the  presence  of  dimeiliylaniline  at  the  boiling  point.  In  the 
syntliesis  of  2,6-dichloto-7-methylpurine  we  clianged  somewhat  the  reaction  conditions  and  die  workup  of  the 
product,  the  yield  of  which  was  25*70. 

The  ability  of  die  chlorine  atom  at  position  6  of  die  purine  nucleus  to  be  easily  transformed  into  an  amino 
group  was  die  basis  of  our  interest  in  the  transformations  of  2,6-dlchloro-7-mediylpurine.  It  is  known  diat  2,6- 
dichloro-7-mediylpiu:ine  reacts  with  alcoholic  ammonia  at  85-90*  to  give  2-chloro-6-ainltio-7-mediylpurine 
[3],  and  at  110*  it  reacts  analogously  widi  diethylamine  and  odier  dialkylamines  [4]. 

The  data  from  our  work  showed  that  the  chlorine  atom  at  position  6  in  the  2,6-dlchloro-7-methylpuriiie 
molecule  can  be  transformed  into  an  amino- group  in  very  mild  conditions.  Thus,  on  reaction  with  ethylene- 
Imine  or  widi  an  aqueous  solution  of  diethanolamine  at  room  temperature, 2-chloro-6-ediyienclmino-7-methyl- 
purine  or  2-chloio-6-diethanolaniino-7-mediylpurine  was  cotained. 

It  was  further  shown  that  it  was  relatively  more  convenient  to  carry  out  die  reaction  between  2,6-dlchloro- 
7-methylpurine  and  an  alcoliolic  solution  of  the  corresponding  amine  under  reflux.  In  these  conditions,  we  also 
obtained  2-chloto-6-diethanolamino-7-methylpurine  and,  in  addition,  2-chloro-6-nionoethanolamino-7- 
mcthylpurine,  the  ethyl  ester  of  N-(2-chloro-7-methylpurine-6-)  glycocoll  and  the  ethyl  ester  of  N-(2-chloro- 
7-meT'  ylpurinc-6-)  dl-alanine. 

It  seemed  interesting  to  syndiesize  derivatives  of  6-amino-7-mediylpurine  which  did  not  contain  chlorine 
at  position  2,  i.e.,  substances  wliose  structure  simulated  diat  of  adenine. 

To  obtain  these  compounds,  we  used  the  method  of  E.  Fischer,  who  described  the  reduction  of  2-chloro-6- 
amino-7-methylpurine  into  7-methyladenlnc  [3]  and  2-chloto-G-hydroxy-7-methylpurlne  into  7-niethyl- 
hypoxanthlne[l]  by  the  action  of  hydroiodic  acid  (d  1.96)  in  the  presence  of  phosphorus  trilodidewhen  heated 
on  a  water  batli.  It  was  shown  tliat  it  is  possible  to  simplify  this  method  by  using  hydroiodic  acid  (d  1.5)  and 
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by  carrying  out  the  reaction  in  ilie  presence  of  red  phosphorus  at  the  boiling  point  of  tlie  mixture.  Using  these 
conditions  7- methy ladenlne,  7-meihylliyp<t\anthinc,  and  the  ethyl  ester  of  N-  (  7-mcthylpurine-G)-glycocoll 
were  prepared.  Both  tlie  last  two  compounds  were  isolated  as  their  hydrochlorides.  The  ethyl  ester  of  N-(7- 
methylpurine-fi)-glycocoll  was  also  synihesl/.ed  from  G-chloro-7-meiliylpurlne. 

Unfortunately,  we  failed  to  reduce  2-chloro-6-dietliylamino-7-methylpurine  by  this  method.  Desiring  to 
obtain  6-dlethanolamlno-7-  mctliylpurlne,  we  carried  out  tlie  condeu'atlon  of  7-methyladenliie  witli  a  con¬ 
siderable  excess  of  ethylene  oxide  in  liij'yo  acetic  acid  by  heating  on  a  boiling-water  bath  for  11-12  hours.  It 
appeared  however,  that  only  one  mole  of  ethylene  oxide  took  part  In  tlie  reaction  and  6-monoetlianolamlno-7- 
methylpurine  was  formed. 

When  we  tried  to  obtain  2-hydroxy-G-diethylamlno-7-methylpurlne  from  2-chloro-6-dietliylamino-7- 
rnethylpurlne  by  heating  it  with  concentrated  hydrochloric  acid  at  120-125*,  7-metliylxantlilne  was  formed. 

This  reaction  is  obvioitsly  analogous  to  that  described  by  E.  Fischer  [Ij  for  7- metliy ladenlne. 

2-Chloro-6-etliyleneimino-7-metliylpurine,  2-chloro-6-dletliylamino-7-metliylpurlne,  6-monoetlianolamino- 
7-methylpurlne,  7- metliy ladenine,  6-dietiiylaniino-7-methylpurlne,and  the  ethyl  ester  of  N-(7-methylpu^ine-6)- 
glycocoll  were  investigated  in  the  experimental  chemotherapy  laboratory.  The  results  of  this  investigation  will 
be  reponed  separately. 


EXPERIMENTAL 

2,6-Dlchloro-7-methylpurlne.  50  g  of  theobromine  was  boiled  with  300  ml  of  freshly  distilled  phosphorus 
oxychloride  and  54  g  of  dlmethylaniline  on  an  oil  bath  for  8  hours.  At  the  end  of  tlie  heating  period  tlie  phosphorus 
oxychloride  was  distilled  in  vacuum  at  a  pressure  not  exceeding  20  mm.  The  residue  was  poured  into  300  g  of  Ice. 
Soda  was  added  to  the  resulting  solution  until  it  was  slightly  acid  toCoiigoRed  and  It  was  then  left  overnight. 

The  precipitate  formed  was  tlien  filtered  off,  washed  well  with  2%  sodium  hydroxide  and  recrystallized  from 
water  witli  animal  charcoal.  14.3  g  (25*70)  of  2,6-dichloro-7-methylpurlne  with  in.  p.  195-196*  was  obtained. 
After  a  second  recrystallization  tlie  ni.  p.  was  195.5-196".  Literature  data;  m.  p.  196-197*  [1]. 

Found  •yox  C  35.34;  H  2.04;  Cl  35.02.  CgH^N^CIj.  Calculated  ^7):  C  35.47;  H  1.99;  Cl  34.92.* 

2-Chloro-6-ethylenelmino-7-metliylpurine.  To  a  solution  of  0.9  g  of  2,6-dlchloro-7-methylpurlne  in 
600  ml  water  was  added  0.5  g  of  etliyleneimine  and  3  ml  of  1%  sodium  hydroxide  solution.  The  mixture 
obtained  was  allowed  to  stand  for  18-20  hours  and  tlien  tlie  solvent  was  evaporated  In  vacuum  at  a  temperature 
not  higher  tlian  40-45*.  The  residue  was  recry stalllzed  from  absolute  methylated  spirit.  0.45  g  (49*70)  of  2- 
chloro-6-etliylenelmino-7-methylpurine  was  obtained.  The  substance  was  poorly  soluble  in  water  (0.05  g  in 
100  ml)  and  slowly  decomposed  witliout  melting  when  heated  to  360*. 

Found  *70;  C  46.16;  H  4.07;  N  33.65.  C^gNgCl.  Calculated  *7o:  C  45.81;  H  3.85;  N  33.42. 

2-Qiloro-6-diethylamlno-7-metliylputine.  A  solution  of  0.9  g  of  2,6-dichloro-7-methylpurlne  and  2.4  g 
of  dietlianolamine  in  600  ml  of  water  was  left  at  room  temperature  for  18-20  hours.  The  water  was  then 
evaporated  off  in  vacuum  at  35-45*  and  tlie  residue  washed  with  water,  alcohol,  and  etlier.  The  residue  was 
dried  and  dissolved  in  absolute  alcdiol.  The  solution  w'as  left  in  a  refrigerator,  when  an  oil  began  to  separate 
from  die  solution,  and  die  oil  crystallized  after  standing  for  many  days.  The  substance  was  filtered  off  and  re- 
crystallized  from  absolute  alcohol.  After  three  consecutive  recrystallizations  2-chloro-6-diedianolamino-7- 
mediylpurlne  wldi  m.  p.  171-172.5*  was  obtained.  The  analytical  sample  was  dried  in  vacuum  over  P20^  at  84*. 

2-Chloro-6-amino  substituted  7-methylpurines  (see  table),  a  solution  of  0.1  mole  of  2,6- dichloro- 7- methyl- 
purine  and  0.2  to  0.24  mole  of  die  respective  amine  in  1200  ml  of  absolute  alcohol  were  boiled  for  2-2.5  hours. 
At  the  end  of  tlie  heating  die  solution  was  left  overnight  and  dien  the  solvent  was  evaporated  in  vacuum.**  The 
residues  were  recrystallized. 


*  Analyses  carried  out  under  the  direction  of  A.  D.  Chinaev. 

**  In  the  preparation  of  2-chloro-6-monoedianolamino-7-methylpurlne  the  reaction  product  precipitated  on 
standing.  On  the  following  day,  it  was  filtered  off  widiout  evaporation  of  the  solvent. 
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7-Methylaclciiliie.  A  mixture  of  2.4  g 
of  2-chloro-()-ainliio  7-methylpurInc  [4], 

162  nil  hydrolodic  acid  (d  1.60)  and  8.4  g 
of  red  phosphorus  was  heated  on  a  hot-plate 
for  10-13  minutes.  At  tlie  end  of  the  heating 
the  mixture  was  cooled  to  room  temperature, 
filtered  from  unreacted  red  phosphorus,  and  the 
hydrolodic  acid  evaporated  off  In  vacuum. 

The  residual  material  was  rccrystallized  from 
hot  water  containing  some  crystalline  hypo- 
sulfite.  The  hydroiodide  separated  from  the 
solution  on  cooling}  ilte  former  was  filtered 
off  and  then  added  to  a  small  quantity  of  con¬ 
centrated  ammonia  solution,  the  mixture 
heated  to  boiling  and  left  overnight.  The 
residue  was  filtered  off  and  twice  recrystallized 
from  boiling  water.  10  g  (6l7o)  of  7-nietliyl- 
adenine  witli  m.  p.  345-356*  (in  a  block)  was 
obtained.  Literature  data:  m.p.  351“  [3]. 

Found  7o:  C  48.26$  H  4.75.  CgHyNg. 
Calculated  7o:  C  48.29;  H  4.73. 

6-Diethylamino-7-ir.ethylpurinc.  The 
reduction  of  2-chloro-0-dicthylamino-7- 
mctltylpurine  was  carried  out  under  exactly  the 
same  conditions  and  with  exactly  tlte  same 
ratio  (of  reactants)  as  showai  for  7-metliyl- 
adenine,  but  a  different  metliod  was  used  for 
working  up  the  product.  4^o  sodium  hydroxide 
solution  was  added  to  the  residue  after  evapora¬ 
tion  of  die  hydrolodic  acid,  until  die  solution 
was  alkaline  to  phenolphtlialein.  l1ie  resulting 
solution  was  subjected  to  thorough  extraction 
widi  chloroform.  After  drying  with  anhydrous 
sodium  sulfate  die  chloroform  was  evaporated 
off  in  vacuum.  The  residue  was  dissolved  in 
a  small  quantity  of  cold  absolute  alcohol. 

The  solution  was  cooled  with  ice  and  HCl  added 
until  the  solution  was  acid  to  Congo.  A  pre¬ 
cipitate  began  to  separate  from  die  solution  on 
scratching  witli  a  glass  rod.  The  mixture  was 
left  in  a  refrigerator  overnight,  die  precipitate 
filtered  off  and  twice  recrystallized  from 
absolute  alcohol.  From  17  g  of  starting  material 
with  m.  p.  198-199*,  7.3  g  (437o)  of  6-diethyl- 
amino- 7- methylpurine  hydrochloride  was  ob¬ 
tained  which  melted  at  200.5-201.5*  after 
being  dried  in  vacuum  over  P2C^  at  84*. 

Found  7o:  C  49.74;  H  6.89;  Cl  14.57. 
C10H16N5CI.  Calculated 7o:  C  49.67;  H  6.68; 
Cl  14.67. 
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Etlivl  ester  of  N-(7‘  met]iylpiirlnc-G)-^',lycocoll.  a)  From  the  cilwl  ester  of  N-(2- cliloro- 7- nietltylpnrlnc-C) 
rjycoeoll.  The  reaction  was  carried  out  under  the  same  conditions  and  with  the  same  welj;ht  ratios  as  described 
tor  7- inetliyladeiilne.  The  residue  alter  evaporation  of  hydr<Hodic  acid  was  dissolved  In  boilin;;  absolute  alcohol 
and  dry  hydrogen  chloride  passed  through  tlie  solution.  Absolute  ether  was  added  to  tlie  solution  obtained:  In 
this  way  an  oily  stibstam  e  separated,  ntc  mixture  was  left  iti  the  refrigerator  overnight, when  the  substance 
slowly  crystallized.  The  precipitate  was  filtered  off,  washed  with  a  mixture  of  absolute  alcohol  and  ether,  then  the 
ether  and  the  substance  was  dried  in  a  vacuum  desiccator  over  alkali  at  20*.  1.6  g  (‘lO'Vo)  of  tlie  ethyl  ester  of 
N-(7-methylpnrine-G)-glycocolI  hydrochloride  was  obtained  from  4  g  of  tlie  ethyl  ester  of  N-(2-chloro-7- methyl- 
purlne-G)-glycocoll  with  m.  p.  217-218®  (decomp.). 

Found  ^o:  C  44.06;  H  5.27j  Cl  (ionic)  13.39;  Cl  (total)  13.06.  CjoHj^CjNsCl.  Calculated  C  44.20; 
H  5.19;  Cl  13.06. 

b)  From  6- chloro-7-methylpurine.  Gaseous  nitrogen  was  passed  for  20  minutes  through  a  solution  of  1.0  g 
of  6-chloro-7-metiiylpurlne  [5J  in  30  ml  alcohol  in  a  steel  autoclave  cooled  in  ice.  The  flow  of  nitrogen  was 
stopped  and  a  solution  of  1.5  g  of  glycocoll  ethyl  ester  (made  from  tlie  hydrochloride  and  freshly  distilled)  in  a 
few  milliliters  of  absolute  alcohol  added.  The  autoclave  was  heated  for  7.5  hours  at  128-130*.  At  the  end  of 
the  heating  period  the  solvent  was  evaporated  In  vacuum.  The  residue  was  dissolved  in  a  small  quantity  of 
alcohol  wldi  heating.  Alcoholic  hydrochloric  acid  was  added  to  tlie  solution  cooled  In  Ice  until  die  solution  was 
acid  to  Congo  Red,  and  tlien  a  small  quantity  of  edier  added  until  a  precipitate  separated.  iTie  mixture  was  left 
overnight  in  a  refrlgerator.after  which  the  precipitate  was  filtered  off.  After  crystallization  from  alcohol  a  small 
amount  of  die  ethyl  ester  of  N-(7-methylpurlne-6)  glycocoll  with  m.  p.  213-215*  (decomp.)  was  obtained. 

6-  Monoedianolamlno-  7-  methylpurine.  To  a  solution  of  2  g  of  7-methyladcnine  in  6  ml  of  2570  acetic  acid 
cooled  In  ice,  5  ml  (4.5  g)  ethylene  oxide  was  added.  The  mixture  was  heated  in  a  sealed  tube  on  a  boiling - 
water  bath  for  11-12  hours.  At  the  end  of  the  heating  period  the  solvent  was  evaporated  in  vacuum,  the  residue 
dissolved  in  a  small  quantity  of  absolute  alcohol  and  an  alcoholic  solution  of  hydrochloric  acid  added  until  the 
ice- cooled  mixture  became  acid  to  Congo  Red.  Absolute  ether  was  added  to  tlie  solution  tlius  obtained  until  a 
precipitate  appeared  and  the  mixture  left  in  a  refrigerator  overnight.  The  substance  was  filtered  off,  washed 
with  ether  and  recrystallized  twTce  from  alcohol.  0.8  g  (267o)  of  6- monoethanolamino- 7- methylpurine  with 
m.  p.  283-284*  (decomp.)  was  obtained.  After  drying  in  vacuum  over  at  84*  the  substance  had  m.  p. 
234-285*. 

Found  7o;  C  41.94;  H  5.21;  Cl  15.39.  CgHijONgCl.  Calculated  7o:  C  41.81;  H  5.27;  Cl  15.45. 

On  adding  1.2  ml  of  1  N  sodium  hydroxide  to  0.3  g  of  6-monoetlianolamlno-7-metliylpiu:ine  hydrochloride 
the  substance  dissolved  and  tlien  a  crystalline  precipitate  separated  from  the  solution.  After  separating  and 
washing  the  precipitate  with  alcohol,G- monoethanolamino- 7- methylpurine  witli  m.  p.  210-212*  was  obtained. 

The  substance  dissolved  in  alcohol  and  etlier.  On  adding  alcoholic  hydrochloric  acid  to  an  alcoholic  solution 
of  the  base  tlie  hydrochloride  witli  m.  p.  283-284*  was  obtained  again. 

7- Methylxantliine.  A  mixture  of  1.4  g  of  2-chloro-6-diethylamino-7-metliylpurine  and  15  ml  concentrated 
hydrochloric  acid  in  a  sealed  tube  was  heated  to  120-125*  for  3  hours.  When  the  heating  was  completed  the 
solution  was  evaporated  to  dryness  on  a  water  batli.  The  residual  substance  was  washed  with  a  large  quantity  of 
water  and  recry’stalllzed  from  water.  7-Metliylxantliine  with  ni.  p.  greater  tlian  360*  was  obtained.  The  substance 
gave  a  murexlde  reaction. 

Found  7o;  C  43.61;  H  3.53.  CgHgOjN^.  Calculated  7o:  C  43.38;  H  3.64. 

SUMMARY 

A  new  method  for  preparing  2,6- dichloro- 7- methylpurine  is  proposed.  The  method  for  preparing  7-methyl- 
adenine  has  been  simplified.  The  following  derivatives  of  7- methylpurine  which  have  not  been  previously 
described  have  been  prepared  and  characterized;  2-chloro-6-etliylcneimiiio-7-metliylpurine,  2-chloro-6- 
monoethanolamino- 7- methylpurine,  2-chloro-6-dietlianolamino-7-metliylpurine,  6-diethylamino- 7- methyl¬ 
purine,  6-monoetlianolamlno-7- mctliylpurine,  and  the  ethyl  esters  of  N-(2-chloro-7-methylpurlne-6)-glycocoll, 
N-(2-chloro-7-metliylpurlne-6)-dl-  a-alanlne,and  N-(7-niethylpurlne-6)- glycocoll. 
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S.  I.  Denisova,  L.  P.  Kucheryavenko,  and  G.  P.  Men’shikov 

Translated  from:  Zhurnal  Ohshchei  Khimil,  Vol.  30,  No.  1,  pp.  332-334,  January,  1960 
Original  article  submitted  December  29,  1958 


We  have  separated  a  new  crystalline,  optically  inactive  substance  with  m.  p.  142-143*  from  the  mycelia 
of  an  actinomycete  strain  No.  2703,  belonging  to  the  groups  Actinomyces  fluorescens  and  kindly  given  to  us  by  the 
laboratory,  directed  by  N.  A.  Krasil’nikov  (Institute  of  Microbiology  of  the  Academy  of  Sciences  of  the  USSR). 

The  analytical  data  for  tliis  substance  conforms  well  to  tlie  formula  C35H54O12.  The  accuracy  of  this  formula, 
especially  tlie  number  of  hydrogen  atoms,  with  such  a  large  molecular  weight  could  not  be  strictly  established 
from  the  elementary  analysis  but,  as  shown  later,  the  formula  is  confirmed  by  the  results  of  hydrolytic  decom¬ 
position  of  die  substance. 

The  substance  obtained,  called  "fluorin,"  was  investigated  in  the  laboratory  for  the  chemotherapy  of 
Infectious  deceases  of  die  All-Union  Scientific-Research  Chemicopharmaceutic  Institute.  In  this  way,  it  was 
shown  that  it  had  satisfactory  activity  in  vitro  against  tubercle  bacilli  but  diis  activity  almost  completely 
disappeared  in  blood  serum.  Fluorin  is  neutral  and  has  no  active  hydrogen, as  follows  from  the  Tserevitinov 
analytical  data. 

On  heating  with  alkaline  alcoholic  solution,  it  was  hydrolyzed,  and  an  ester  value  of  250  was  found.  This 
indicates  die  presence  in  die  molecule  of  three  complex  ester  groups  because  in  this  case  in  the  formula  C3gH540||2 
(M  678.5)  the  calculated  ester  value  should  be  equal  to  249. 

As  the  result  of  the  hydrolysis  of  fluorin  only  one  substance  was  formed,  an  acid  of  composition  Ci2H2oO^. 
This  was  shown  by  a  paper  chromatographic  study  of  the  products  and  also  by  the  almost  quantitative  yield  of 
the  acid. 

Because  the  acid  was  obtained  as  a  diick  noncrystallizable  oil,  it  was  converted  into  its  methyl  ester  with 
dlazomethane  in  order  to  purify  and  characterize  it.  The  ester  was  an  equally  thick  oil, distilling  at  88-90* 

(0.01  mm).  The  elementary  analysis  of  diis  ester  agreed  well  wldi  die  formula  C13H22O5.  An  active  hydrogen 
determination  showed  die  presence  of  only  one  hydroxyl  group.  The  methyl  ester  did  not  contain  a  carbonyl 
group,which  makes  it  very  likely  diat  the  remaining  two  oxygen  atoms  are  linked  in  simple  edier  groups.  Then, 
die  formula  of  die  acid  obtained  can  be  shown  in  die  following  way:  CjliHj|02(OH)COOH. 

By  comparing  the  empirical  formulas  of  die  antibiotic  and  the  acid  obtained  from  it,  it  can  be  seen  that 
the  first  is  built  up  from  molecules  of  die  acid  but  widi  the  loss  of  diree  molecules  of  water.  This  confirms  on 
one  hand  the  empirical  foniiula  of  die  antibiotic,  and  on  die  odier,die  presence  in  the  antibiotic  of  three  complex 
ester  groups.  The  fact  that  diere  is  only  one  hydroxyl  group  in  the  acid  obtained  and  die  absence  of  an  active 
hydrogen  in  the  antibiotic  compels  one  to  the  following  conclusion:  That  the  hydroxyl  group  formed  during 
hydrolysis  was  esterifled  with  the  carboxylic  acid  group  of  a  second  acid  in  the  antibiotic.  Hence  fluorin 
must  be  a  cyclic  complex  ester  formed  from  three  molecules  of  the  same  hydroxy  acid  and  having  the  following 
saucture: 
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From  tlic  similarity  between  this  schematic  formula  and  the  formula  of  longisporin  —  an  antibiotic  isolated 
and  studied  by  one  of  us  [lJ_one  may  draw  conclusions  about  the  analogy  of  structure  of  iliese  antibiotics,  tire 
only  difference  being  tliat  the  new  antibiotic  has  a  much  simpler  structure.  Its  molecule  is  constructed  from 
only  one  add  in  contradistinction  from  longisporin.  We  are  continuing  tlie  study  of  this  acid. 

The  elementary  analyses  and  determination  of  the  functional  groups  for  tire  data  investigated  were  carried 
out  by  V.  M.  Rokova  under  tire  leadership  of  A.  D.  Chinaeva,  to  whom  we  extend  our  tlianks. 


EXPERIMENTAL 

Isolation  and  Purification  of  the  Antibiotic* 

The  damp  mycelia,  separated  from  the  culture  medium,  were  extracted  several  times  with  acetone,  the 
mycelia  being  separated  from  the  acetone  each  time  by  filtration.  The  acetone  extracts,  which  were  dark- brown 
in  color,  were  combined  and  the  acetone  completely  removed.  The  residue,  which  separated  into  an  upper  oily 
layer  and  a  lower  aqueous  layer,  was  repeatedly  extracted  witli  ether.  After  removal  of  the  etlier  from  the 
ethereal  extracts  a  thick  oil  remained,  which  partially  crystallized  when  it  was  left  in  a  refrigerator.  The  whole 
mass  was  transferred  to  a  Buchner  funnel  and  tlte  uncrystallized  oil  carefully  removed  from  the  solid  part.  The 
heavily  contaminated  crystals  were  extracted  with  etlier  many  times,  and  the  ether  was  filtered  each  time  from 
the  very  poorly  ether^soluble  dark- brown  residue.**  The  ether  extracts  were  combined  and  the  solvent  completely 
evaporated  off.  The  residue  crystallized  completely  on  standing  in  a  refrigerator.  The  crystals  were  washed  first 
with  a  small  quantity  of  etlier  and  tlien  with  alcohol;  they  were  tecrystallized  many  times  from  metlianol  and 
etlianol  alteniately,  die  first  rccrystallizations  using  active  carbon.  The  pure  antibiotic  crystallized  in  die  form 
of  glittering  snowy  needles  with  m.  p.  142-143*.  Tlie  substance  was  very  soluble  in  chloroform,  less  so  in  ether; 
it  was  very  soluble  in  hot  medianol  and  ethanol,  but  insoluble  in  water.  It  was  optically  inactive. 

Found  <yo:  C  64.09,  63.89;  H  8.16,  8.18.  M  (by  RasO  686.  CsaHg^Oiz.  Calculated  C  63,68; 

H  8.03.  M  678.5. 

The  saponification  of  fluorln.  8  g  of  die  substance  was  bol  ;d  for  5  hours  in  120  ml  of  1  N  alcoholic 
potassium  hydroxide.  The  alcoholic  solution  was  added  to  water  and  die  alcohol  completely  distilled  off.  The 
alkaline  aqueous  solution  was  treated  with  20'yo  sulfuric  acid  until  it  was  strongly  acid  to  CongoRed  and  dien 
extracted  widi  ether.  iTie  ether  extract  was  dried  with  sodium  sulfate.  After  removal  of  die  solvent,  a  slightly 
yellow  noncrystallizablc  oil  (about  8.5  g)  remained,  which  gave  only  one  spot,  widi  Rr  0.23,  when  chromato¬ 
graphed  on  fast- filtering  paper  in  the  system  n- butanol  — water—  acetic  acid  (5  :5  :l).  The  development  of  the 
chromatogram  was  carried  out  with  alcoholic  Bromphenol Blue.  The  methyl  ester  of  the  acid  was  prepared  for 
purification  and  characterization  of  the  acid.  For  diis  ester  an  ethereal  solution  of  the  acid  was  made  to  react 
widi  an  excess  of  an  edicreal  solution  of  diazomediane.  A  rapid  effer\'escence  of  nitrogen  was  observed.  An  oil 
distillable  in  vacuum  remained  after  evaporation  of  die  ether.  Almost  all  of  die  oil  distilled  at  88-90*  (0.01  mm). 

Found '’/o;  C  60.26,  60.34;  H  8.37,  8.52;  OH  6.6,  7.0.  Ci3H22C^.  Calculated  C  60.42;  H  8.59; 

OH  6.6. 

SUMMARY 

1.  A  new  antibiotic  called  "fluorin*  has  been  isolated  from  the  mycelia  of  actinoniycete  2703  of 
Actinomyces  fluorescens;  it  has  the  composition  03511540^2.  It  is  optically  inactive  and  has  m.  p.  142-143®. 

•  With  die  participation  of  E.  Ya.  Karaulova. 

••An  orange  crystalline  substance,  ni.  p.  228-231®,  was  obtained  from  diis  residue,  but  because  diis  substance  had 
nodilng  in  common  widi  fluorln  in  its  chemical  nature,  we  shall  report  on  it  separately. 
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2,  The  siiiii  total  of  the  Investigated  chemical  properties  of  fhiorin  Indicate  tliat  this  antibiotic ^Ike  tlie 
antibiotic  longlsporln  [Ij  l:i  a  cyclic  complex  ester  but,  in  contradistinction  from  longlsporln,  tlie  molecule  of 
tlie  new  antibiotic  Is  constructed  from  only  one  hydroxy  acid  wltli  the  composition  Ci2HaC^. 
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THE  GLYCOALK  ALOID  OF  THE  PLANT  SOLANUM  MEGACARPUM  KOIDZ. 

II.  ITIE  IDENTITY  OF  MEGACARI’IDINE  AND  DUIYDROSOLASODINE 

A.  S.  Labenskii 

S.  Ordzhonikidze  All-Union  Chemicopharmaceutical  Scientific  Research  Institute 
Translated  from:  Zhurnal  Obshchci  Kluniii»  Vol.  30,  No.  1,  pp.  335-338,  January,  1960 
Original  article  submitted  December  26,  1958 

In  our  previous  communication  [1]  it  was  shown  that  acid  hydrolysis  of  tlie  glycoalkalold  megacarpine, 
which  Is  Isolated  from  tlie  leaves  and  young  stems  of  Solanurii  megacarpum  Koidz.,  yields  a  new  aglycone, 
namely,  mcgacarpidine  with  the  composition  CjyH.^^OjN.  It  was  interesting  to  determine  tlie  nature  of  tliis  new 
aglycone.  The  results  of  work  in  tills  direction  are  given  below. 

In  an  alcohol  solution,  mcgacarpidine  forms  a  precipitate  witli  digitonin.  On  die  basis  of  this  and  also  die 
fact  diat  all  luiown  aglyconcs  obtained  from  various  plants  of  die  potato  family  have  a  basic  steroid  structure, 
it  could  be  surmised  diat  die  aglycone  megacarpldlne  also  has  a  structure  of  the  same  type.  Only  two  steroid 
substances  with  die  same  composition  as  mcgacarpidine  are  known  at  the  present  time  and  diese  are  tomatidine 
[2]  and  diliydrosolasodlne  [3j.  As  has  already  been  stated  in  our  first  communication,  niegacarpidine  and 
tomatidine  are  different  substances.  As  regards  diliydrosolasodine,  up  to  now,  it  has  not  been  found  in  nature 
and  is  a  semisyndictic  product,  obtained  by  catalytic  hydrogenation  of  the  known  steroidal  alkaloid,  solasodlne 
[43.* 

It  was  necessary  to  compare  mcgacarpidine  wldi  diliydrosolasodine  and  this  we  did.  By  comparing  die  con¬ 
stants  of  diliydrosolasodine  which  have  been  published  up  to  now  in  [3,  5-7]  with  the  corresponding  constants  of 
niegacarpidine  which  we  found  previously  [1],  it  was  impossible  to  determine  whether  these  two  substances  are 
identical  or  not.  The  solution  of  die  latter  problem  required  a  more  detailed  comparison  of  die  properties  of 
these  substances.  For  diis  purpose,  solasodine,  which  we  prepared  from  Solanum  aviculare  Forst  [8]  and  which 

had  constants  corresponding  to  literature  data,  namely, 
m.  p.  199-201°  and  [oJ^D  —  97,2  ±  2°  (methanol),  was 
used  to  prepare  dih’  drosolasodine  under  conditions  close 
to  diose  reported  by  Briggs  [3J,  Having  niegacarpidine  and 
dfliydrosolasodlne  available,  we  v/ere  able  to  prepare  a 
series  of  salts  of  diesc  substances  and  also  their  mono-  and 
diacetates  under  identical  conditions.  A  comparison  of  die 
properties  of  the  substances  we  obtained  showed  that  megacar- 
pidine  and  ddiydrosolasodiiie  are  completely  identical  (see 
table). 


when  our  article  was  written  we  had  not  yet  heard  of  die  work 


Cllg 


•  Note  added  during  proofreading.  At  die  time 
of  K.  Schrelbcr,  Plania  medlca  G,  93  (1958). 
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Constants  of  Megacarpidine,  Dihydrosolasodlne,  and  Their  Derivatives 
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In  addition,  the  identity  of  inegacarpidine  and  dlliydro- 
solasodlne  was  confirmed  by  the  correspondence  of  their 
Infrared  spectra.* 

Since  ilie  structure  of  solasodine  has  been  established 
by  the  work  of  Briggs  and  his  co-workers  [7J  and  Uhle  [9j, 
the  structure  of  tire  glycoalkaloid  inegacarpine  may  be  ex¬ 
pressed  by  the  formula  given  here, in  which  R  is  a  tetra- 
saccharlde  consisting  of  one  molecule  of  glucose,  one 
molecule  of  galactose,  and  two  molecules  of  xylose. 

It  is  interesting  to  compare  our  discovery  of  die 
aglycone  megacarpidine,  which  is  found  to  be  identical 
widi  the  hydrogenation  product  of  the  steroidal  alkaloid 
solasodine,  with  the  analogous  discover)’  of  the  aglycone 
demissidine  by  Kuhn  and  Low  [10].  Dernissldine,  wliich  is 
obtained  by  hydrolysis  of  die  glycoalkaloid  demlssine, 
isolated  from  Solatium  demissum,  was  found  to  be  identical 
with  dihydrosolanidine,  die  hydrogenation  product  of  die 
previously  known  steroidal  alkaloid  solanidine  [4].  On  the 
basis  of  these  two  facts,  it  may  be  surmised  diat  with  further 
investigation  of  plants  of  the  Solatium  family,  some  of  diem 
may  be  found  to  contain  more  new  analogous  pairs  of 
saturated  and  uiisaturated  steroidal  alkaloids.  Thus,  for 
example,  it  is  probable  diat  plants  may  be  found  which 
contain  A**tomaiidenol-3i3  as  the  main  steroidal  alkaloid. 
This  compound  was  found  by  Schreiber  in  a  very  small 
amount  in  Solanum  tuberosum  [11].  Due  to  its  steric  structure, 
which  is  similar  to  diat  of  tomatidine  [12],  diis  alkaloid  will 
probably  be  found  to  be  a  more  convenient  substance  for  the 
production  of  steroid  hormones  than  solasodine  [13,  14], 


EXPERIMENTAL 

Purification  of  megacarpidine.  A  0.38  g  sample  of 
megacarpidine,  which  was  prepared  previously  [1],  was  further 
purified  by  passing  a  solution  of  it  in  25  ml  of  chloroform 
through  a  column  widi  15  g  of  AI2O3.  The  adsorbed  megacar¬ 
pidine  was  extracted  by  washing  widi  chloroform  (25-ml 
fractions).  The  diird  and  fourth  fractions  contained  the 
greatest  amount  of  material  (0.33  g).  After  recrystallization 
from  medianol  and  drying  (100*,  2  mm,  P2^)»  diis  residue 
had  m.  p.  208-209*  and  [a]^D  —  52.0  ±  2“  (chloroform, 
c  =  1.3). 

Preparation  of  dihydrosolasodine.  A  solution  of  7.0  g 
of  solasodine  in  a  mixture  of  100  ml  of  alcohol  and  20  ml 
of  glacial  QlgCOOH  was  shaken  with  8  g  of  palladium  on 
charcoal  (containing  lO'Vo  Pd)  in  a  hydrogen  atmosphere 
until  die  absorption  of  hydrogen  ceased  (12  hours).  When 
aqueous  ammonia  was  added  to  die  filtered  solution  of  the 
hydrogenation  product,  a  white,  crystalline  preciplute  (5.5  g) 


*  The  Infrared  spectra  of  megacarpidine  and  dihydrosolasodlne  were  obtained  in  die  physicochemical  laboratory 
of  our  Institute  under  die  direction  of  Yu.  N.  Shelnker. 
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formed  immediately.  It  had  m.  p.  204-206*  and  [aJ®D  -61,6"  (chloroform,  c  =  l.O).  The  diliydrosolasodlne 
was  purified  by  solution  in  a  mixture  of  55  ml  of  alcohol  and  3  ml  of  CH3CC)OH  witli  subsequent  addition  of 
aqueous  ammonia  to  the  hot  solution.  This  operation  was  carried  out  twice.  'Ilie  purified  diliydrosolasodlne  had 
m.  p.  207.5-208.5*  and  [a]^l)  —  50.0  ±  2*  (chloroform,  c  =  1.3)  and  54.4  ±  2*  (metlianol,  c  =  0.5).  The 
melting  point  of  a  mixture  with  megacarpiditie  was  not  depressed.  It  is  interesting  to  note  that  a  mixture  of 
dlhydrosolasodine  and  solasodine  did  not  have  a  depressed  melting  point  eitlier  and  melted  at  a  temperature  mid¬ 
way  between  tlie  melting  points  of  the  two  components.  The  melting  point  of  a  mixture  of  megacarpidine  and 
solasodlne  was  not  depressed  eltlter. 

The  hydrochlorides  of  megacarpidine  and  dlhydrosolasodine  were  prepared  by  adding  an  alcohol  solution 
of  HCl  to  hot  solutions  of  each  of  these  substances  in  alcohol.  The  precipitates  were  recrystallized  from  75% 
methanol.  The  melting  point  of  the  megacarpidine  hydrochloride  was  298-299"  and  that  of  the  dihydro- 
solasodine  hydrochloride,  297-298".  The  melting  point  of  a  mixture  of  tliese  salts  was  not  depressed. 

The  plcrolonatcs  of  ilie  two  substances  compared  were  prepared  by  mixing  alcohol  solutions  of  each  of  tlie 
substances  wiili  alcohol  solutions  of  picrolonic  acid.  Yellow,  ciystalline  precipitates  were  obtained.  Recrystalliza- 
tlon  from  alcohol  yielded  needles  in  botli  cases,  llie  melting  point  of  megacarpidine  plcrolonate  was  218-219" 
and  tliat  of  dihydrosolasodine  plcrolonate,  218.5-219.5*.  The  melting  point  of  a  mixture  of  these  salts  was  not 
depressed. 

The  picrates  of  the  two  substances  were  prepared  by  adding  a  saturated  solution  of  picric  acid  in  507o  alcohol 
to  solutions  of  each  of  tlie  substances  compared^n  a  mi.xture  of  50%  alcohol  and  sufficient  acetic  acid  for  solution. 
The  amorplious  precipitates  were  recrystallized  from  50%  alcohol.  The  yellow  crystals  (prisms)  obtained  were 
readily  soluble  in  alcohol.  The  picrates  of  tlie  two  substances  behaved  identically  on  melting.  When  melted  in 
a  capillary,  tliey  softened  at  142",  but  the  product  was  not  clear  at  diis  temperature.  The  product  became  clear 
at  approximately  152*.  When  a  Kofler  block  was  used,  tlie  m.  p.  was  141-142*.  The  melting  point  of  a  mixture 
of  the  two  picrates  was  not  depressed. 

'Ilic  perchlorates  of  tlie  substances  compared  were  prepared  in  tlie  following  way.  A  30%  solution  of  HClQj 
was  added  dropwise  to  mixtures  of  each  of  the  substances  compared  ,witli  a  20- fold  amount  of  alcohol  until  an 
acid  reaction  to  meiliyl  orange  was  produced.  The  substances  dissolved  with  stirring.  Water  was  added  to  tlie 
clear  solutions  until  turbidity  appeared.  On  standing,  tlie  solutions  deposited  crystalline  precipitates.  After  the 
precipitates  had  been  collected  and  dried  (100",  2  mm,  P20fe),  megacarpidine  perchlorate  had  m.  p.  231-232" 
and  diliydrosolasodlne  perchlorate,  m.  p.  230.5-231".  The  melting  point  of  a  mixture  of  the  two  perchlorates 
was  not  depressed. 

Megacarpidine  and  dlliydrosolasodine  monoacetates  were  prepared  according  to  the  directions  of  Rochelmeyer 
et  al.,  [6]  by  treating  pyridine  solutions  of  tlie  two  substances  with  acetic  anliydrlde  witliout  heating.  The  pre¬ 
cipitates  obtained  tvere  rccrystallized  from  acetone.  The  melting  point  of  megacarpidine  monoacetate  was 
214.5-215.5"  and  that  of  dihydrosolasodine  monoacetate,  214-215".  The  melting  point  of  a  mixture  of  tliese 
monoacetates  was  not  depressed. 

Megacarpidine  and  diliydrosolasodlne  diacetates  w'cre  prepared  according  to  the  directions  of  Briggs  et  al. 
[bJiby  heating  pyridine  solutions  of  tliese  substances  witli  acetic  anliydride.  The  precipitates  were  recrystallized 
from  acetone.  The  melting  point  of  megacarpidine  duicetate  was  182-183"  and  diat  of  diliydrosolasodlne  diacetate, 
183-184.5*.  (The  precipitates  were  probably  not  quite  pure,  but  furtlier  purification  was  not  carried  out  due  to 
the  small  amounts  of  die  '■ubstances  obtained.)  The  melting  point  of  a  mixture  of  die  diacetates  obtained  was 
not  depressed. 

SUMMARY 

Tlie  aglycone  megacarpidine,  obtained  by  hydrolysis  of  the  glycoalkaloid  mcgacarpine,  is  identical  with 
dihydrosolasodine. 
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Continuing  the  chemical  study  of  plants  of  the  genus  Haplophyllum  A.  Juss.  Ohttaceae  family)  [1],  we 
Investigated  anotlter  species  of  tills  genus,  namely,  Haplophyllum  follosum  Vved. 

This  semishrub,  which  grows  In  shallow  soil  on  tlie  slopes  of  the  southern  part  of  die  Palmir-Alal  region  at 
a  height  of  COO- 1400  m  [2],  v.'as  collected  between  Kulyab  and  Dangara  (Tadzhik  SSR)  at  the  end  of  flowering 
and  the  beginning  of  fruit  bearing  (July  2-8). 

It  was  established  diat  the  dried  leaves  contained  2^0,  the  stems  0.4'yo,  die  unripe  seeds  1.53*70,  die  root 
cortex  0.16‘’/<>,  and  the  root  without  cortex  0.087*70  of  alkaloids.  The  whole  of  the  above-ground  part  contained 
O.61‘7o  of  alkaloids.  Four  alkaloids  were  isolated  from  die  above-ground  part  of  die  plant.  One  of  diem  was 
found  to  be  identical  with  dubinidine,  which  we  isolated  for  the  first  time  from  Haplophyllum  dubium  Eug.  Kor. 
[1].  Experimental  data  from  the  determination  of  the  composition  of  dubinidine  led  to  the  formula  Ci5Hjy04N 
or,  in  a  developed  form,  Ci/^Hi20N(OH)2(OCH3). 


A  mil 


Ultraviolet  absorption  spectra,  l) 
Dubinidlnei  2)  diliydrofllndersinej  3) 
4-  methoxyquinoline-  2. 


Dubinidine  is  optically  activej  it  gives  readily  crystalll- 
zable  salts,  namely,  die  hydrochloride,  hydrobromide,  hydro¬ 
iodide,  and  nitrate.  Bodi  hydroxyl  groups  are  secondary  alcohol 
groups  and  the  nitrogen  is  tertiary.  The  fourdi  oxygen  atom 
has  an  indifferent  character.  This  compound  is  saturated  and 
is  not  reduced  by  zinc  in  hydrochloric  acid,or  hydrogenated 
over  a  platinum  catalyst.  The  ultraviolet  spectrum  of  du¬ 
binidine  is  similar  to  diat  of  dUiydroflindersine,  an  alkaloid 
widi  a  pyranoquinollne  structure  [3j  (see  figure). 

When  heated  with  mediyl  iodide  in  methanol  or  in  a 
sealed  tube  without  solvent,  dubinidine  formed  tlie  methiodide 
of  tlie  base.  The  action  of  alcoholic  alkali  on  die  latter  yielded 
an  iso-compound  (11)  [4j,  which  had  an  NCH3  group  and  did  not 
contain  a  medioxyl  group.  This  type  of  isomerization  has  also 
been  observed  for  die  alkaloids  cusparine  [5]  and  2-phenyl-4- 
methoxyquinoline  [6J. 

Tlie  formation  of  Isodubinidine  gives  grounds  for  assuming 
that  dubinidine  (l)  is  a  quinoline  derivative  with  a  methoxyl 
group  in  die  a  or  y  position. 
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Further  data  on  tlic  structure  of  dublnidlnc  were  obtaltied  by  sttidyltig  the  oxidative  decomposition  products. 
Oxidation  v/ith  potassiitnt  permanganate  in  acetone  led  to  the  aldeliyde  CnHjOjN,  which  was  converted  by 
furtlier  oxidation  Itito  tlie  acid  C5ll50M(Oai3XCOOH)  (111).  The  acid  (111)  was  similar  in  properties  and  com¬ 
position  to  diciamnic  acid  [7J  atid  tliis  was  confirmed  by  direct  comparison  of  tlie  methyl  ester  of  this  acid  with 
synthetic  methyl  dictamnate  [3,  8J.  Decarboxylation  of  acid  (Ill)  led  to  4-hydroxyquinolone-2  [3,  9]  and 
oxidation  of  this  yielded  anthranilic  acid.  Consequently,  tlie  foundation  of  the  dubinidine  molecule  is  a  quinoline 
ring  with  a  meihoxyl  group  In  the  y  posltioti  and  die  0511^003  residue  Is  attached  to  diis. 

The  presence  of  the  carboxyl  group  Iti  position  3  of  die  dictamnlc  acid  molecule  and  the  carb^  .yl  group  In 
position  2  of  the  quinolitie  ring  sliows  diat  the  C5Hj503  residtte  is  at  the  given  carbon  atoms.  Tlie  fact  diat  die 
dictamnlc  acid  formed  is  optically  inactive  shows  tliat  die  optical  center  is  located  In  die  oxldizable  part  of  die 
alkaloid,  i.e.,  in  die  CjH  10^)3  residue.  The  two  hydroxyl  groups  must  be  here  also. 

To  determine  whedier  a  CCH3  or  a  ai3CCH3  group  was  present,  dubinidine  was  oxidized  with  chromic  acid 
In  sulfuric  acid.  Less  than  1  mole  of  acetic  acid  was  formed  in  diis  case.  However,  when  the  alkaloid  was 
oxidized  more  carefully  with  the  same  reagent,  acetone  was  obtained,  indicating  the  presence  of  a  CH3CCH3 
group  in  die  C5HJQO3  residue. 

Oxidation  of  the  dubinidine  molecule  with  two  atoms  of  oxygen  yielded  Isobutyric  acid.  This  shows  that 
the  C5H10O3  residue  forms  a  dimediyldlliydropyran  ring  widi  the  quinoline  nucleus  (in  the  a,  3  position). 

Dubinidine  is  oxidized  by  periodic  acid  [10]  when  1  mole  of  periodic  acid  is  consumed  in  die  oxidation  of 
1  mole  of  alkaloid.  Consequently,  the  hydroxyl  groups  in  the  dubinidine  molecule  must  be  on  neighboring  carbon 
atoms. 

The  ease  with  which  dictamnlc  acid  is  formed  excludes  the  possibility  of  the  CH3CCH3  group  lying  at  the 
flfdi  carbon  atom  and  the  hydroxyl  groups  being  at  positions  2  and  3  of  die  pyranoqulnoUne  ring.  Therefore,  the 
structure  of  dubinidine  must  be  expressed  by  die  formula  of  2,2-dimediyl-3,4-dihydroxy-5-methoxy-  a,8-dl- 
hydropyranoquinoline  (I),  which  explains  all  its  chemical  properties'  well. 
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The  second  alkaloid  which  we  Isolated  from  H.  follosum  was  identical  wldi  skimmianine,  which  was  first 
obtained  from  the  Japanese  plant  Sklmmia  japonica  Thunb.  (Rutaceae  family)' [11]  and  also  from  some  species 
of  unlfoliates  (see  [Ij).  We  also  found  skimmianine  in  die  unripe  seeds  of  H.  foliosum,  where  it  represented 
30.4^0  of  die  total  alkaloids  or  0.47^0  of  die  seed  weight  [12]. 

The  two  remaining  alkaloids  were  found  to  differ  from  all  odier  bases  described  in  die  literature  up  to  the 
present  and  we  therefore  named  them  foliosine  [12]  and  foliosidinc  [13]. 

Folioslnehas  die  composition  Ci7Hj503N,  is  optically  inactive,  and  gives  a  scries  of  crystalline  salts,  namely, 
die  hydrochloride,  hydrobromide,  hydrolodide,  nitrate,  and  perchlorate.  As  functional  groups,  it  contains  methyl- 
Imide  and  methylenedloxy  groups.  No  methoxyl  groups  are  present  and  the  third  oxygen  atom  has  an  indifferent 
character.  Consequently,  die  developed  formula  of  foliosine  must  have  die  following  form: 
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(IV) 


C,5lI.„0(NC[l,){ClI,0,) 

Follosidlne  has  the  composition  Cj^H^OgN.  This  optically  active  substance  is  a  weak  base.  It  gives  a 
crystalline  hydrochloride,  hydrobromidc,  and  picrate.  The  substituent  groups  of  foliosidine  include  a  methoxyl, 
methylimlde,  and  two  alcoholic  liydroxyl  groups.  The  presence  of  tlie  latter  was  demonstrated  by  die  prepara¬ 
tion  of  a  diacetyl  derivative.  No  metliylenedloxy  group  was  detected  qualitatively.  Thus,  tlie  formula  of 
foliosidine  may  be  developed  in  the  following  way:  Ci5Hji502(NCH3)(0ai3)(0H)2  (V). 

EXPERIMENTAL 

Extraction  of  alkaloids  from  the  plant.  The  powdered,  above-ground  part  of  H.  foliosum  (12  kg)  was 
moistentd  with  V’p  ammonia  solution  and  extracted  with  chloroform  in  a  continuous  apparatus.  The  chloroform 
extract  was  treated  with  sulfuric  acid.  When  tlie  acid  solution  v/as  made  alkaline  witli  gaseous  ammonia,  a 
precipitate  (11.41  g)  ’formed.  Alkaloids  were  extracted  with  chloroform  from  the  aqueous  motlter  liquor  (solution 
a).  Rem.oval  of  the  solvent  left  61.5  g  of  partially  crystallized  total  bases.  The  over-all  yield  of  total  alkaloids 
was  72.91  g  (0.01*70  of  die  plant  weight). 

D 11  b  i  n  i  d  i  n  e 

The  precipitate  (11.41  g)  wliich  formed  when  die  acid  solution  was  made  alkaline  was  dissolved  in  acetone 
and  the  solution  made  weakly  acid  wdih  an  alcohol  solution  of  hydrodiloric  acid.  The  base  hydrochloride  formed 
was  separated  by  suction  (yielding  acetone  modicr  liquor  B)  and  dried.  We  obtained  9.1G  g  of  hydrochloride  wiili 
m.  p.  192-193”.  After  the  substance  had  been  recrystallized  twice  from  a  mixture  of  alcohol  and  ether,  die 
melting  point  had  risen  to  1 95-196”.  A  mixture  with  dubiiiidine  hydrochloride  melted  at  die  same  temperature. 
[aJ^^D  -  53.02”  (c^-  2.342,  methanol). 

round  <70:  C  57.47|  H  0.24;  N  4.79;  Cl  10.36;  CXlUj  8.81.  C15H17O4N -HCl.  Calculated  C  57.77; 
H  5.82;  N  4.49;  Cl  11.38;  (XH,  9.95. 

The  addition  of  concentrated  ammonia  solution  to  an  aqueous  suspension  of  dubinldine  hydrochloride 
precipitated  the  colorless  base,  Miich  had  m.  p.  132-133“  after  recrystallization  from  acetone  and  did  not 
depress  die  melting  point  of  dubiiiidine  isolated  from  H.  dubium.  —  62.95“  (c=  3.560,  edianol). 

Found  C  65.42;  H  6.34;  N  5.10;  OCHg  9.82;  OH  12.60.  CigHnO^N.  Calculated  % :  C  65.44; 

H  6.23;  N  5.09;  OCH3  11.27;  20H  12.35. 

Ultraviolet  spectrum  (plotted  with  an  SF-4  spectrophotometer).  A  0.0001*70  alcohol  solution  of  dubinldine 
showed  230  (log  c  5.04),  272  (log  c  4.30),  284  (log  e  4.24),  308  Qog  e  4.07),  320  mp  Oog  e 

4.08). 

Dubiiiidine  hydrobromide.  A  solution  of  0.5  g  of  dubinidinc  in  10  ml  of  methanol  was  acidified  widi  con¬ 
centrated  liydrobromic  acid.  The  addition  of  3  nil  of  edier  precipitated  dubiiiidine  liydrobronilde  in  die  form 
of  needles  clustered  in  rosettes.  The  yield  was  0.6  g.  After  recrystallization  from  a  mixture  of  medianol  and 
ctiier,  the  product  had  m.  p.  197-198*.  It  was  readily  soluble  in  water,  alcohol,  and  medianol  ,  but  insoluble 
in  acetone  and  ether. 

Found  *70:  Br  23.90.  Cj5Hi704N -HBr.  Calculated  Br  22.44. 

Dubinidinc  hydroiodIde  was  prepared  by  acidification  of  a  methanol  solution  of  dubiiiidine  with  hydriodic 
acid  and  dilution  widi  ether;  it  had  m,  p.  161-1G2”  (widi  frothing).  [al^®D  —  47.32*  (c=1.760,  medianol). 

Found  f'/o:  1  29.45.  CjsH^O^N-HI,  Calculated  *7p;  I  31.47. 

Dubiiiidine  nitrate  precipitated  when  a  soliiiion  of  1  g  of  die  base  in  12  ml  of  methanol  was  acidified  with 
nitric  acid  (with  the  use  of  ether)  and  formed  needles  with  111.  p.  176-177*.  The  yield  was  1.1  g.  [oJ^D 
—  52.39*  (c=  2.548,  methanol). 

Found  *70:  C  52.86;  H  5.81.  Ci5Hi704N  •  HNOj.  Calculated '7o;  C  53.25;  H  5.36. 
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Diibiiiiillnc  iiiciliiotllcle.  M  g  of  base  was  dissolved  in  15  ml  of  metlianol  and  licated  willi  2  ml  of  methyl 
iodide  on  a  water  baili.  The  meiliiodlde  (1.2  j.’)  precipitated  when  the  solution  was  cooled.  Hccrystallization 
from  metlianol  j’,ave  cobirless  needles  with  m.  p.  152-154*. 

Fotind  C  dC.OD;  li  4.70;  N  2.04;  1  20.20;  OCH3  7.03.  Ci5Hi704N  •  CH3I.  Calculated '7o:  C  46.05; 

II  4.82;  N  2.25;  I  20.42;  CXJlj  7.45. 

Diacetyldttliinldltie.  A  mixture  of  0.5  p,  of  dubinidltie  and  0  ml  of  acetyl  chloride  was  kept  for  8  days  In  a 
sealed  tube.  The  tttbe  was  then  opetted,  the  excess  acetyl  chloride  removed  in  vaciitttn,  and  die  residue  dissolved 
in  water.  The  soltition  was  made  alkaline  with  47o  ammonia  solution  and  shaken  with  chloroform;  removal  of 
the  solvetit  from  the  extract  left  a  sliphtly  colored  oil  (0.60  p),  which  crystallized  when  ether  was  added.  After 
recrystallization  from  ether,  the  product  had  m.  p.  108-109".  [aj^®D  —  47.70*  (c  =2.610,  edianol). 

Foutid7o:  C  03.28;  H  5.94;  N  3,70.  C15H15O4N  (CH3CO)2.  Calculated  7o:  C  63.45;  H  6.12;  N  3.89. 

The  original  base  was  formed  when  diacetyldubinidine  was  heated  with  a  medianol  solution  of  potassium 
hydroxide. 

Isodubinidine.  0.5  g  of  dublnidine  rnedilodide  was  heated  widi  6  g  of  potassium  hydroxide  and  15  ml  of 
medianol  on  a  water  bath  for  3  hours.  The  methanol  was  then  evaporated,  10  ml  of  water  added  to  die  residue, 
and  the  base  extracted  wldi  ether.  Isodubinidine  (0.3  g)  precipitated  when  the  edier  solution  was  concentrated. 

It  formed  needles  with  m.  p.  214-215*  when  recrystallized  from  methanol  (1 :5).  The  product  was  readily 
soluble  in  alcoliol  and  medianol  and  less  so  in  edier  and  acetone.  [oJ^D  +  21.05"  (c=1.644,  ethanol). 

Found  7o:  C  66.32;  H  6.25;  N  4.89;  NCH3  7.32.  C15H17O4N.  Calculated  7o:  C  65.44;  H  6.23; 

N  5.09;  NCHj  10.58. 

Isodubinidine  hydrochloride  (prepared  in  medianol)  had  ni.  p.  221-223*  (with  decomp.). 

Oxidation  of  didiinidine  widi  potassiitm  permanganate  in  acetone.  A  solution  of  9.18  g  of  potassium 
permanganate  in  GOO  ml  of  acetone  was  gradually  added  over  a  period  of  6  hours  to  6  g  of  alkaloid  In  500  ml 
of  acetone  heated  gently  on  a  water  badi;  then  the  hydrated  manganese  dioxide  was  removed,  and  die  filtrate 
concentiated  and  poured  into  a  dish.  Complete  evaporation  of  the  acetone  yielded  2.65  p  of  die  aldehyde 
dictamiial.  The  hydrated  manganese  dio.xide  was  treated  widi  a  4^o  solution  of  potassium  hydroxide  and  hot 
water.  The  all  aU;;e  and  aqueous  extracts  were  combined  and  acidified  with  hydrochloric  acid.  The 
precipitated  dictamnic  acid  (1.4  g)  was  recrystallized  from  medianol,  when  it  had  m.  p.  260  -  262*  (decomp.). 

The  same  acid  was  obtained  by  oxidation  of  dictamnal  with  potassium  permanganate  In  acetone. 

Methyl  dictamnate.  0.15  g  of  the  acid  was  suspended  in  absolute  ether  and  methylated  with  an  ether 
solution  of  diazomerliane.  The  rhombic  platelets  (from  alcohol)  had  m.  p.  185-186".  A  mixture  with  a 
synthetic  sample  melted  at  die  same  temperature. 

Determination  of  C- methyl  group  in  dubinidine.  Steam  distillation  of  the  oxidation  products  from  1  g 
of  alkaloid,  20  g  of  chromium  trioxide, and  20  ml  of  concentrated  sulfuric  acid  in  80  ml  of  water  yielded 
0.0912  g  of  acetic  acid  (43.437o  of  die  calculated  amount).  The  anilide  had  m.  p.  113-114*.  A  mixed 
melting  point  widi  acetanilide  was  not  depressed. 

Oxidation  of  dtibinidiiie  with  clironiic  acid.  Isolation  of  acetone.  5  g  of  dubinidine  was  dissolved  in  a 
mi.\tute  of  20  g  of  chromium  trioxide,  20  ml  of  coticenirated  sulfuric  acid,  and  150  ml  of  water.and  heated  on 
a  water  badi  for  5  hours.  Then  150  ml  of  liquid  was  steam  distilled  from  the  reaction  mixture.  The  distillate 
was  made  alkaline  with  sodium  hydroxide  and  25  ml  of  liquid  was  steam  distilled  from  it.  To  the  distillate 
was  added  20  ml  of  ethanol,  10  ml  of  a  107<’  solution  of  sodium  hydroxide,  and  4  g  of  freshly  distilled  benzalde- 
hyde.  On  standing  overnight,  the  solution  deposited  yellow  crystals  with  m.  p.  111-112*  (from  alcohol),  which 
did  not  depress  the  melting  point  of  dibcnzalacetone. 

Oxidation  of  dubinidine  with  potasMiim  permanganate  in  an  acid  medium.  To  4  g  of  alkaloid,  dissolved 
in  44  ml  of  1  N  sulfuric  acid,  was  added  a  solution  of  2  g  of  potassium  permanganate  In  150  ml  of  water.  The 
liydrated  manganese  dioxide  was  removed  and  the  filtrate  extracted  repeatedly  with  ether.  Evaporation  of  the 
etlier  left  a  seinlliqnid  mixttire,  which  was  treated  with  57<’  soda  solution.  Tlie  filtered  soda  .solution  was  acidified 
with  hydrochloric  acid  and  extracted  wiili  ether  and  the  eilier  distilled  from  the  extract  witli  a  fractionating 
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colmiiii.  The  residue,  which  was  a  liquid  wiili  a  sharp  smell  (0.5  ml),  was  heated  wiili  1  ml  of  aniline  and  a  few 
drops  of  pyridine  for  2  hours  at  lGO-180*.  The  pyridine  was  removed  by  healing  on  a  water  bath  and  the 
crystalline  residue  recrystallized  from  aqueous  alcohol  to  give  a  product  wiili  m.  p.  100-101*.  A  mixture  with 
isobutyranilide  melted  at  102-103*. 

Oxidation  of  dubinidine  with  periodic  acid.  Solutions  of  0.550  g  of  dubinidine  in  aqueous  metltanol  (5  ml 
of  water  and  15  ml  of  mcUianol)  and  0.G126  g  (.0.5158  g  calculated  on  anliydrous  acid)  of  periodic  acid  in  5  ml 
of  water  were  mixed  and  left  at  room  temperature.  After  a  day,  the  solution  was  filtered  and  the  filter  washed 
with  water.  The  total  volume  of  solution  obtained  was  30  ml. 

To  20  ml  of  tills  solution  were  added  1.5  g  of  sodium  bicarbonate,  20  ml  of  0.1  N  sodium  arsenite,  and  1  ml 
of  20'yc  potassium  iodide  solution.  The  mixture  was  titrated  wiili  0.01  N  iodine  solution.  The  titration  required 
106.5  ml  of  iodine  solution,  which  corresponds  to  0.0S92  g  of  periodic  acid  or  0.1338  g  in  tlie  whole  volume  of 
the  reaction  mixture.  The  amount  of  periodic  acid  consumed  in  tlie  oxidation  was  0.38  20  g.  The  calculated 
amount  was  0.38  10  g. 

S  k  1  m  m  i  a  n  i  n  e 

The  total  alkaloids  (G1.5  g)  obtained  from  the  aqueous  mother  liquor  A  by  extraction  with  chloroform 
were  ground  with  acetone  and  the  crystals  of  skimmianine  liberated  (G.42  g)  were  separated  by  suction,  yielding 
acetone  mother  liquor  C.  The  melting  point  of  the  skimmianine  was  176-17G"  (from  alcohol). 

F  o  1  i  o  s  i  n  c 

The  solvent  was  distilled  from  the  combined  acetone  mother  liquors  B  and  C  and  the  residue  (57  g)  dissolved 
In  10‘'/o  hydrochloric  acid.  The  acid  solution  was  made  alkaline  with  ammonia  and  tlte  alkaloids  extracted  with 
chloroform.  Distillation  of  the  solvent  from  the  chloroform  extract  yielded  50.5  g  of  bases.  This  mixture  of 
alkaloids  was  dissolved  in  methanol  and  the  solution  acidified  with  alcoholic  hydrochloric  acid  and  cooled  to 
—  10  to  —15".  Dilution  with  a  tliree-fold  amount  of  acetone  precipitated  crystals  of  alkaloid  hydrochloride 
(3  g).  On  standing,  the  mother  solution  deposited  a  further  2.1  g  of  hydrochloride.  Tlie  total  yield  was  5.1  g 
and  tlie  m.  p.  242-2'15“.  The  addition  of  25  70  ammonia  to  an  aqueous  suspension  of  the  hydrochloride  liberated 
colorless  foliosine.  The  needles  (from  dilute  alcohol)  had  m.  p.  188-189".  [a]  D  ±  0  (c=1.946,  chloroform). 

Found  C  72.75$  H  4.92$  N  5.32;  NCH3  12.58.  M  281.97.  CiyHijOgN.  Calculated  yo;  C  72.57$ 

H  5.37$  N  4.98$  NCH3  10.32.  M  281.29. 

Foliosine  hydrochloride  was  obtained  by  acidification  of  a  methanol  solution  of  die  base  with  alcoholic 
hydrochloric  acid.  After  recrysiallization  from  a  mixture  of  alcohol  and  ether,  the  product  had  m.  p.  253-254*. 
It  was  readily  soluble  in  alcohol  and  medianol  and  difficultly  so  in  water. 

Found  yo:  Cl  11.26.  Cj^HijOgN  •  HCl.  Calculated  yo:  Cl  11.18. 

Foliosine  hydrobromide.  A  solution  of  0.2  g  of  base  in  5  ml  of  methanol  was  made  weakly  acid  with  con¬ 
centrated  hydrobromic  acid.  The  hydrobromide  was  induced  to  crystallize  by  rubbing  widt  a  rod.  The  yield 
was  0.23  g.  The  needles  (from  methanol)  had  m.  p.  2-19-  250"  (decomp.). 

Found  y^:  Br  24.23.  Cj-^i^OgN  •  HBr.  Calculated  yo;  Br  22.00. 

Foliosine  hydroiodidc.  A  solution  of  0.3  g  of  foliosine  in  10  ml  of  methanol  was  acidified  with  hydriodic 
acid.  The  hydroiodide  (0.4  g)  precipitated  immediately.  The  lustrous  needles  (from  methanol)  had  m.  p. 
225-226*  (dccomp.). 

Found  yo;  I  31.40.  C17H15O3N  •  HI.  Calculated  yo;  I  31.01. 

Foliosine  nitrate.  Acidification  of  a  chloroform  solution  of  0.2  g  of  die  alkaloid  with  concentrated  nitric 
acid  yielded  die  nitrate  (0.25  g)  as  colorless  needles.  After  recrystallization  from  alcoiioi,  the  product  had 
m.  p.  170-171.5*  (decomp.). 

Found  0/0;  C  59.70$  H  4.25$  N  7.84.  Ci7Hi503N-HN03.  Calculated  yo;  C  59.29$  H  4.65$  N  8.16. 


Foliosliie  metlilodlde  was  obtained  by  beating  tlic  alkaloid  with  excess  nieiliyl  iodide  in  a  sealed  tube  at 
100*.  The  pale  yellow  platelets  (from  niethanol)  had  ni.  p.  210-211*. 

Found 1  28.r)0.  C17H15O3N  •  CH3I.  Calculated  7o;  I  30.00. 

Folioslne  perchlorate  was  formed  by  die  addition  of  an  aqueous  solution  of  sodium  perchlorate  to  a  solution 
of  base  in  107o  sulfuric  acid.  The  colorless  crystals  had  m.  p.  229-231*  (decomp.). 

F  o  1  i  o  s  i  d  i  n  e 

The  alkaloids  were  extracted  wldi  chloroform  from  40  kg  of  leaves  witli  a  small  amount  of  fine  stems  and 
flowers.  Analogous  treatment  of  the  chloroform  extract  yielded  700  g  of  total  alkaloids  (1.757o  of  die  plant 
weight).  Separation  of  the  mixture  as  in  the  first  extraction  yielded  59.2  g  of  dubinidine  (0.1487o  of  die  plant 
weight),  58  g  of  skimmianine  (0.1457o  of  the  plant  weight),  and  28  g  of  foliosine  (0.077o  of  the  plant  weight). 

The  residue  (from  die  modier  liquor)  weighed  545  g.  This  was  dissolved  in  107o  sulfuric  acid,  the  add  solution 
saturated  with  gaseous  ammonia,  and  die  alkaloids  extracted  widi  ether  and  then  chloroform.  The  ether  extracted 
78.5  g  and  the  chloroform,  450  g  of  the  total  bases.  The  ether  fraction  was  dissolved  in  acetone  and  the  solution 
acidified  widi  hydrobromic  acid  solution.  Cooling  the  acidified  solution  to  —  10  to  —15"  precipitated  a  mixture 
of  hydrobromides  (25.8  g),  which  was  dissolved  in  water  and  die  solution  made  alkaline  widi  257®  ammonia 
solution.  Dubinidine  (1.8  g)  precipitated  and  die  remaining  alkaloids  were  extracted  first  widi  edier  and  then 
with  chloroforiii.  The  ether  extracted  an  Insignificant  fraction  of  the  alkaloids,  wlille  die  chloroform  extracted 
die  bulk  (15.5  g)  as  a  slightly  colored  oil.  Triturating  diis  oil  with  acetone  precipitated  crystals  of  foliosidine 
(9  g  or  0.0237®  of  the  plant  weight).  The  m.  p.  was  141-142*  (from  acetoneX  [a]®D  +  41.62*  (c=3.006, 
ethanol). 

Found  7o:  C  63.31;  H  6.96;  N  4.33;  OCH3  10.04;  NCHj  8.59.  C17H23O5N.  Calculated  7®:  C  63.53; 

H  7.21;  N  4.36;  OCH3  9.65;  NQlg  9.02. 

The  foliosidine  crystallized  from  a  mixture  of  medianol  and  water  (1 ;  5)  in  the  form  of  long  needles  with 
m.  p.  60-62*  (turbid  melt). 

Found  7®:  H2O  2.63.  CjyHjsC^N  •  0.5  H2O.  Calculated  7®:  HjO  2.72. 

Foliosidine  hydrobromide  was  obtained  by  acidification  of  a  methanol  solution  of  base  with  HBr  and  dilution 
with  ether  and  had  m.  p.  167-168*  (with  frothing).  The  product  was  readily  soluble  in  water,  alcohol,  and 
methanol. 

Found  7®:  C  50.60;  H  5.75;  N  3.21;  Br  20.46.  Ci7H230^N  •  HBr.  Calculated  7®:  C  50.74;  H  5.77; 

N  3.48;  Br  19.87. 

Foliosidine  hydrochloride  was  obtained  by  acidification  of  an  alcohol  solution  of  the  alkaloid  witli  r.lcohoUc 
hydrochloric  acid  and  had  m.  p.  162-164*.  It  was  readily  soluble  in  water  and  alcohol. 

Foliosidine  plcrate  precipitated  when  alcohol  solutions  of  foliosidine  and  picric  acid  were  mixed  and  had 
m.  p.  182-183*  (from  alcohol). 

Diaceiylfoliosidlne  was  obtained  in  the  same  way  as  diacetyldubinidlne.  The  lustrous  platelets  (from  acetone) 
had  m.  p.  129-130*.  [a]^*D  +14.95*  (c=1.160  ,  etlianol). 

Found  7®:  C  62.40;  H  6.64;  N  3.45.  Ci7H2i05N(CH3CO)2.  Calculated  7®:  C  62.22;  H  6.72;  N  3.45. 

Ultraviolet  spectrum.  A  0.0167®  alcoliol  solution  of  foliosidine  showed  X^ax  ^  4.94),  252 

(log  €  4.92),  32^1  (log  £  3.98),  234  mp  (log  c  3.84). 

SUMMARY 

1.  The  following  alkaloids  were  extracted  from  die  above-ground  part  of  Haplophyllum  follosum  Vved. : 
skimmianine,  dubinidine,  Ci4Hj20N(OCH3)(OH)2,  which  we  described  previously,  and  two  new  alkaloids, 
namely,  folioslne  Ci5HioO(NCH3)(CH202)  and  foliosidine  Ci5Hi502(NCIl3)(0CH3)(ai)2. 
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2.  Dublnldlne  has  the  structure  of  2,2-dlmethyl-3,4-dlhyclroxy-5-nictlioxy-a,6-dlhydropyranoqulnoline. 
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The  alkaloid  macrophylline  was  isolated  by  us  from  the  Caucasian  plant  Senecio  macrophyllus  [1].  The 
composition  of  macrophylline  is  CisHziOjN.  Hydrolysis  of  macrophylline  yields  an  amino  glycol  (macroneclne) 
with  the  composition  C8HJ5O2N  and  angelic  acid.  One  of  the  two  hydroxyl  groups  of  macronecine  is  esterified 
by  the  angelic  acid  and  the  other  is  free.  Considering  that  most  of  the  alkaloids  from  Senecio  are  based  on  a 
pyrrollzidlne  ring,  two  possible  structural  formulas,  (I)  and  (11),  may  be  put  forward  for  macrophylline  and  (l) 
is  more  probable  on  the  basis  of  all  available  data  on  tlte  structure  of  pyrrollzidlne  alkaloids. 
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As  we  have  already  reported,  the  amino  glycol  macronecine  differs  in  properties  from  amino  glycols  with 
tlte  composition  CgHj^OjN  which  have  been  described,  namely  platynecine,  dihydroxyhellotrldine,  chastaneclne, 
and  turneforcldinc  [Ij. 

In  order  to  study  tlte  structure  of  macrophylline,  we  reduced  it  catalytlcally  and  then  replaced  the  free 
hydroxyl  group  in  the  hydromacrophylline  obtained  by  chlorine, by  treatment  with  SCXllj.  Attempts  to  replace 
tlte  chlorine  by  hydrogen  in  tlte  presence  of  Raney  nickel  and  platinum  from  platinum  oxide  under  various  con¬ 
ditions  were  unsuccessful.  The  chlorine  could  be  removed  by  metallic  sodium  in  isoamyl  alcohol  with  simul¬ 
taneous  saponification  of  tlte  ester  grouping  of  the  alkaloid, and  as  a  result  we  obtained  a  liquid  amino  alcoltol 
wltlt  the  composition  CgH^ON  and  a  specific  rotation  of  +19.75*.  The  amino  alcohol  formed  crystalline  salts, 
namely,  tlte  picrate,  plcrolonate,  and  metliiodide.  The  properties  of  the  amino  alcohol  and  its  salts  coincided 
with  those  of  laburnine.  Isolated  by  Galinovsky  from  the  plant  Cytisus  laburnum  [2].  The  picrolonate  of  die 
amino  alcohol  we  obtained  did  not  depress  the  melting  point  of  the  plcrolonate  of  laburnine,  obtained  by 
reducing  the  ethyl  ester  of  D-trachelantamidate  [3]. 

Laburnine  differs  in  properties  from  known  amino  alcohols  wltli  a  l-hydroxymethylpytrollzldine  structure, 
namely,  isopetronecanol  [4],  lindelophidine  [5],  and  trachelantamidine  [6J. 

On  the  basis  of  a  comparison  of  the  properties  of  laburnine  and  trachelantamidine,  Galinovsky  put  forward 
the  hypothesis  dtat  they  ate  antipodes.  The  structure  of  trachelantamidine  and  the  fact  that  it  belongs  to  the 
L-psendoheliotridane  group  were  established  by  G.  P.  Men'shikov  and  G.  M.  Borodina  [7].  From  all  that  has  been 
stated,  it  follows  diat  macrophylline  is  an  alkaloid  of  the  D-psenddieliotrldane  series  and  diat  the  sterlc  disposition 
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of  llic  substitueius  at  Cj  of  inacropliyllinc  corresponds  to  that  of  psciidoliclioiridatie  and  trachclantamldlnc  [8], 

The  second  hydroxyl  pjoiip  of  macropUy lilac  Is  apparently  at  position  G  of  the  pyrrollzidlnc  ring  since  niacroneclitc 
Is  a  diastcreolsonier  of  platyncclne  and  diliydroxyheliotrldane,  which  have  hydroxyl  groups  in  positions  1  and  6  of 
the  pyrrollzidinc  ring.  The  steric  configuration  of  tlic  substituents  at  Cg  of  niacrophylline  remains  undetermined 
and  Uie  compound  may  have  structure  (III)  or  (IV). 

It  Is  Interesting  to  note  that  the  fact  that  macronecine  belongs  to  the  pseudohellotiidane  series,  which  we 
established,  agrees  wiUi  the  hypothesis  of  Culvenor  and  Smith  [9J. 


EXPERIMENTAL 

The  alkaloid  macrophylllne  was  isolated  from  tlie  above-ground  parts  of  large-leaved  groundsel  by  ex¬ 
traction  with  dichloroetlianc.*  The  preparation  of  hydromacrophylline  has  been  described  previously  [1], 

Preparation  of  dcsoxychlorohydroniacrophylline.  To  5  g  of  hydromacrophylline  in  25  ml  of  anhydrous 
aiClg  was  added  15  g  of  SOGI2  dropwise.  The  reaction  flask  was  cooled  externally  witli  ice.  After  the  SCXII2 
had  been  added,  the  mixture  was  boiled  for  1  hour.  The  CHCI3  and  excess  SOCU  were  removed  in  vacuum. 

The  residue  in  the  flask  was  mixed  with  ice  water.  The  acid  solution  was  extracted  with  etlier.  The  residue 
was  made  alkaline  with  40%  NaOH  solution  and  extracted  witli  ether.  The  extract  was  dried  over  NagSO^  and 
tire  ether  removed  to  yield  5.1  g  of  a  brown  liquid. 

After  distillation  in  vacuum  at  134-135"  (3  mm),  the  desoxychlorohydromacrophylline  appeared  as  a  mobile 
colorless  liquid  witli  [oJ^D  —  2.93*  (c  =  7.49,  alcohol),  Rj  0.78  (ascending,  butanol  —  CH3COOH—  water 
system). 

Found  %;  C  59.88;  H  8.65;  N  5.37;  Cl  13.82.  C13H22O2NCI.  Calculated  %;  C  60.11;  H  8.48; 

N  5.39;  Cl  13.68. 

The  plcrate  was  prepared  in  alcohol  solution.  The  m.  p.  was  155-156*  (from  alcohol). 

Found  %;  N  11.54;  Cl  7.58.  C13H22O2NCI  •  CgHgO^Nj.  Calculated  %:  N  11.26;  Cl  7.23. 

Reduction  of  dcsoxychlorohydromacrophvlline.  A  mixture  of  5  g  of  tlte  chloro  derivative,  300  ml  of  distilled 
isoamyl  alcohol,  and  IG  g  of  metallic  sodium  was  boiled  under  reflux  for  2  hours.  V/lien  the  whole  of  tlie  sodium 
had  reacted,  tlic  mixture  was  cooled  and  carefully  acidified  to  Congo  witli  10%  hydrochloric  acid.  The  isoamyl 
alcohol  was  steam  distilled  from  tlte  acid  solution  and  tlte  residue  cooled,  filtered,  made  alkaline  with  40% 

NaOH  solution,  and  extracted  with  ether  and  tlien  chloroform.  From  tlie  ether  we  obtained  1.56  g  of  a  colorless 
oil  witli  a  strong  smell  of  base  and  from  the  chloroform,  0.47  g.  The  total  yield  was  68.8%.  Vacuum  distillation 
yielded  a  thick,  colorless  oil  with  [a]*'‘’D  +  19.75*  (c  =  4.07,  alcohol);  Rf  0.19  (ascending,  butanol—  acetic 
acid  —  water  system),  and  tlte  composition  CsHjjON. 

The  picrolonate  w'as  prepared  In  alcohol  solution  and  had  111.  p.  180-182*  after  two  recrystallizations  from 
alcohol.  It  did  not  depress  the  melting  point  of  autlientic  laburnine  picrolonate. 


*  We  have  now  isolated  macrophylllne  from  tlte  Caucasian  plant  Senecio  amphibolus  also.  After  vacuum 
distillation  and  two  subsequent  recrystallizations  from  ligroin  (b.  p.  up  to  60"),  die  macrophylllne  had  a  melting 
point  of  50-52*  instead  of  42-44*. 


370 


The  plcratc  was  prepared  in  alcohol  solution  and  precipitated  on  standing  and  rubbing  witli  a  rod|  It  had 
m.  p.  171-172*  (alcohol). 

The  inethiodide  was  prepared  by  boiling  a  nietltanol  solution  of  die  alkaloid  widi  methyl  Iodide.  Crystals 
were  obtained  alter  removal  of  the  solvent  in  vacuum  and  recrystalllxation  of  tlie- residue  from  anhydrous  alcohol. 
Tlie  m.  p.  was  292-294*  (Kofler  block). 


SUMMARY 

1.  It  was  established  that  macrophylline  is  an  alkaloid  of  the  £)-pseudoliellotridane  group  and  is  the  second 
(after  laburnine)  representative  of  dtis  sc  lies  isolated  from  plants. 

2.  Structural  formulas  are  proposed  for  macrophylline  and  macronecine. 
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The  bean  family  (l^gumlnosae)  are  a  group  of  plants  v/hlch  are  rich  in  alkaloid- bearing  representatives. 

In  tlie  present  article,  we  report  the  results  we  obtained  on  investigating  the  plant  Sophora  griffithii,  which  grows 
in  Central  Asia  and  which  has  not  been  studied  chemically  before. 

The  material  with  which  we  worked  was  found  by  one  of  us  (P.  S.  Massagetov)  downstream  on  the  River 
Naryn  and  consisted  of  young  twigs  and  leaves. 

The  alkaloids  were  Isolated  by  the  usual  metliods,  namely,  extraction  of  tlie  bases  witli  dichloroethane  from 
ilie  plants  moistened  with  aqueous  ammonia.  When  the  extraction  was  made,  it  was  found  that  tliis  plant  is  very 
rich  In  alkaloids;  altogetlicr  ether  and  cliloroform  extraction  yielded  a  weight  of  alkaloids  representing  3. 5*70 
of  tlie  weight  of  dry  plant.  From  the  total  bases  we  isolated  two  alkaloids.  The  first  (a  liquid)  was  obtained 
from  the  etlier  fraction.  The  amount  of  it  represented  1.4*7o  of  the  weight  of  plant  material  taken.  This  alkaloid 
was  found  to  be  Identical  with  pachycarpine,  which  was  first  isolated  from  Sophora  pachycarpa  [1],  and  then  from 
leaves  of  Thermopsls  lanceolata  [2J.  In  addition,  it  is  also  present  in  otlier  plants  (Cytisus  caucasicas,  Ammodendron 
conollyi)  [3]. 

The  second  alkaloid  was  obtained  from  the  chloroform  fraction  in  an  amount  representing  0.13'7o  of  die 
weight  of  plant  material.  It  was  a  readily  crystallizable  base  iviiose  properties  and  constants  coincided  with  diose 
of  the  previously  discovered  alkaloid  cytisine  [1].  The  identity  of  these  substances  was  confirmed  by  direct  com¬ 
parison  of  die  base  we  isolated  with  cytisine  obtained  from  Thermopsls  lanceolata. 

Examination  of  the  mother  liquors,  obtained  after  isolation  of  pachycarpine  and  cytisine,  by  means  of  paper 
chromatography  showed  that  diey  contained  traces  of  two  more  bases  widi  Rf  0.36  and  0.26,  corresponding  to 
niatrlne  and  sophoramine.  (Paper  No.  4  was  used  for  chromatography;  the  solvent  was  die  upper  phase  of  a 
butanol  —  water—  acetic  acid  mixture  in  a  ratio  of  50  ;50  ;1;  die  chromatograms  were  run  for  about  18  hours 
at  a  temperature  of  18-20*;  die  developer  was  Drageiidorf’s  solution.)  The  low  content  of  these  alkaloids  in  the 
mother  solutions  made  it  impossible  to  isolate  diem  from  the  tarry  residues. 


EXPERIMENTAL 

Isolation  of  alkaloids.  The  dry,  powdered,  above-ground  parts  (14  kg)  were  moistened  with  8*70  aqueous 
ammonia  and  extracted  with  dichloroethane.  Tlie  alkaloids  were  extracted  from  die  dichloroethane  extract  with 
10'7o  sulfuric  acid.  The  acid  extracts  were  made  alkaline  widi  ammonia  and  extracted  first  with  edier  and  dien 
widi  chloroform. 

Treatment  of  edier  fraction.  The  total  alkaloids  from  die  ether  (309  g)  were  vacuum  distilled.  The  low- 
boiling  fraction  (202  g)  widi  b.  p.  138-139*  (2  mm)  had  a  rotation  [a]^*D+  16,3*  (c  =9.0;  alcoliol);  die 
alkaloid  mondiydroiodlde  had  m.  p.  234-235*;  the  diliydroiodide  had  m.  p.  265-25”*;  the  plcrate  had  ni.  p. 
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199-  201*.  Tliese  consunts  correspond  to  tliose  of  p.ichycarplnc.  Mixtures  of  these  salts  with  corresponding  salts 
of  pachycarpliie,  obtained  previously,  melted  without  depression. 

Treatment  of  chloroform  fracilon.  Removal  of  the  chloroform  yielded  178  g  of  noncrystalline  bases. 
Trituration  with  acetone  yielded  crystals,  which,  after  two  recrystallixations  from  acetone,  had  m.  p.  151-153* 
and  [aJ**D  —  113*  (c  =0.ut  water).  The  yield  was  18  g.  The  constants  coincide  with  those  reported  previously 
for  cytisinci  a  mixture  of  our  base  witli  cytisine,  which  we  had  at  our  disposal,  melted  without  depression. 

SU  MM  ARY 

The  above-ground  parts  of  Sophora  graffiiliil  yielded  1.4®/o  of  pachycarplne  and  0.13*7o  of  cytisine. 
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The  secondary- tertiary  a- glycols  of  tlie  acetylene  series  which  we  Investigated  previously  were  converted 
into  substituted  furans  by  tlie  action  of  mercuric  chloride  [1].  Nonetheless,  tlie  products  formed  by  heating  3- 
methyl-6-phenyIpcntyn-  i-dlol- 2,3  (I)  with  20-307'’  sulfuric  acid  were  found  to  contain  2,3-dImethyl-5-phenyl- 
futanone-4  (Ill)  in  equilitcium  witli  its  enol  form  (ll). 

B.  p.  138-133. 5*  (4  mm),  M  199.6,  188.9  (calc.  190)|  n®D  1.5360;  8l7o  enol. 

The  scmicarbazoue  1  ad  m.  p.  116-117*  (from  aqueous  alcohol). 

Found  7o:  C  63.32;  H  7.03;  N  17.21.  CjsH^OjNg.  Calculated  7o:  C  63.16;  H  6.88;  N  17.00. 

The  furanone  was  c.iaracterizcd  by  the  infrared  spectrum.  It  was  found  to  contain  absorption  bands  of 
carbonyl  (1709  cm“^),  a  double  bond  (1623  cm"'),  an  ether  oxygen  in  a  tctrahydrofuran  ring  (1073  cm"'), 
and  a  hydroxyl  (3440  cm"')  [2]. 

The  isomerization  of  the  glycol  into  the  furanone  may  be  represented  in  the  following  way; 
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(.)  jl^ 

GII3  GH, 

I  I 

— ►  GIl3GII=C-GH01I— C-C0H5  GM3GII=G-G^-GflIIr,  - 

II  II' 

O  OH  Oil 


GII3HG - GOH 

I  I 

GH3HG  CCcHs 

\o/ 

(ii) 


GII3HG - GO 

(IiICgHs 

(iin 


GII3IIG 


It  should  be  noted  tliat  8-furanones  have  been  obtained  previously  by  isomerization  of  some  oxides  of 
tlie  acetylene  and  vinylacetylene  series  [3]. 
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